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A GOUTI 
1. a quadruped of the order 
Rodentia; genus Dasyprocta, 
rel ated to the gu inea p ig 
and found in the West 
Ind ies and Cen tral and 
South Amer ica . I t  is of 
the s ize of a rabb i t .  
2. a . gr i z z l ed co lor o f  fur due 
to a l ternat ing dark and 
l ight bands on each h�i r . 
1 
IN TRODUC TI ON 
The agout i <AlA> mouse , Mus musculus, i s  a l so known as the 
•w i ld type• mouse . The typ ica l ha i r  color i s  grey due to a un ique 
band in g pat tern of bl ack an a yellow pigment, eu- and phaeo melan in 
respect ivel y .  The predominant coat color de term in ing gene has been 
approp iate l y  named the •a gout i gene� < A >  and i t  is  loca ted on 
chromosome 2 at the agout i locus . The agout i gene act s  v ia the ha i r  
fo l l icle  and appears to b e  part of a comp l e x  genet ic locus < S i l vers, 
19791. Dur i ng growth of an a gout i ha i r  a character i st i c  banding 
pattern appears . A subap ica l  yel l ow band is formed i n  an otherwi se 
b lack C or brown > ha i r  (see F ig .  1 ) .  Thi s  pat t ern is  due - to a rap id 
sh i ft from syn t he s i s  and depos it ion of b l ack p igmen t to yellow pigment 
and back aga in  to b l ack p igment by the me l anocytes of the ha i r  
fol l icl e < Si l vers , 19791. These sw i tches  occur on days 4 and 6.5 in 
the newborn mouse and at 6.5 and 9 days after plucking in older m i ce 
< Geschw ind e t  al . ,  19721. Although these are generally accept ed as 
the t ime schedul es for the wild type mouse � other investigators have 
2 
reported a different chronology CMovaghar and Hunt, ·1987). These 
switches from black to yellow and yellow to black p1grnent production 
ar� also. known as the "agouti switches". 
�--�--------------------
yellow 
Fig. 1 Hair patterns o f  various genotypes 
<Takeuchi, 1985>. 
Research of coat color differences in mice is a highly 
targeted area of study because of the apparent association of certa1n 
coat colors with susceptibilities to certain diseases. �ith respect 
to the agouti locus, the alleles which have been described as betng 
part of this complex number 17 or more (Siracusa et al., 1 98?). The 
top dominant allele o f  the agouti series is represented by the .lethal 
yellow (�) allele. It was described by Cuenot ( 1 905) as being lethal 
in the homozygous C�/A y >  state . Other abnormalities of the � locus 
besides the yellow coat color include its association w1th the 
3 
s t i mu l a t i on o f  norm a l  body gro�t h, obes i t y , a d i a b e t es - l i k e  syndrome, 
prob l em s  w i th t h e  immune system , and s t e ri lity . I n  add i t i on to t hese , 
the � l ocus h a s  been assoc i a t ed w ith inc reased suscep t i b i l i ty t o· bo t h  
spo n taneous a n d  induc ed l i v e r, mammary , a n d  pu l monary t umo r s  < Wo l f f et  
a l . , 1986). 
The ha i rbu l b  me l anoc y t e  w i th i t s pr ima ry metabo l i c produc t , 
the me l anosome and i t s essen t i a l  me l an in syn t hes i z i n g  enzyme , 
tyros i n a se o f fe r s  a h i gh l y  re f ined syst em to i nv es t i g a t e  t h e  gene t i c , 
mo l�cu l a r , and deve l opmen t a l  r egu l a t ion o f  m e l anogene s i s . 
E l ec t ron m i c roscopy data have shown d i s t i nc t  morpho l ogical 
d i f fe rences w i t h in the me l anosomes be tween two m utan t s , nam e l y· �I� 
( ye l l ow >  and �� � ( b l ack ) . The �� � mu tan t s  have sphe r i ca l  m e l ano somes 
con ta i n i n g  non-st ruct ured m a t rices , whereas the a / a  mu t a n t s  have 
e l l i p t i cal m e l anosomes cQn ta in i ng st ruc tured ma tr ices C Saku r a i et al . , 
1975; J i mbow e t  a l . ,  1979). The se two m u t an t s  a r e  un ique to research 
because t h e  a/a mutan t produces m os t l y  b l ack p i gmen t , whereas the ��� 
mutant p r oduce s  most l y  ye l l ow p igmen t . Each mu t a n t  represen t s  t he 
bands o f  p i gm e n t formed by the "wi l d  t ype" mouse . The a / a  mu tan t 
represen t s  the eume l an in pa t hway , �hi l e  t h e  �/�, t h e  phaeome l anin 
pa thwa y . 
I 
Me l anoc y t e  s t i mu l a t ing hormones C�-MSH a l so sim p l y  kno�n as 
MSH ) , when i n J e c t ed i n t o  t h e  skin o f  m i ce has been shown to i n f l uence 
p i gmen t p roduc t i o n  of t he me l anocy t e . MSH induces a p rogr a m  of b l ack 
me l an i n  syn t h e s" i s  in y e l l ow CAy/�) m ice ( Geschw i nd e t  a l . , 1972). The 
cascade o f  even t s  fo l l ow i ng t rea t men t o f  me l anoma ce l l s  w i t h MSH is 
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d isc ussed in  Pawe l ek and Korner ( 1 982 ) . It i s  t ho u gh t  that the agout i  
switch could be cont ro l l ed by MSH in the �wi l d type� mou se C Pa�e lek 
and Korner , 1 982: . 
Ob]ecttves 
The obJ ecti ve of  th i s  st udy was to a ssess i f · MSH indu ces i n  
yellow ( �/ �_) mice, a program o f  b l ack me l an in p roduc ti on tha t is 
identical in te r m s  of me l anosome s t ruct ure and devel opmen t to that  o f 
normal b l ack ( a / a )  m i ce . S inc e  the re i s  a di f ference between 
melanosomes o f  the two genotypes , �� � and �/ � ,  and MSH i nduces 
eume l an i n prod u c tion in phaeome l ani n  produci ng Ay/� me l anocytes� the 
oppo r t un i t y ex i s t s  t o  na r row dow n  and de f ine the �� � effects on 
me l anoso m a l  parameters a fter MSH t rea tm en t .  If there i s  any 
si gni f i can t  di f fe rence between �� � and a / a  me l an o so m a l pa rame t e rs 
measu red , t hese d i fferences are due so l e l y  t o  the � al l e le . 
U l t ras t ruct u ral di f fe rences a l so r e f l ec t  d i f fe rences in the 
b iochem ical p rocesses a ssoc i a ted w i th each melanosome type . 
�n  o rde r t o  conduct quan t ita t i ve e l ec t ron mi crosco py on a / a  
and �� � MSH t rea t ed me l anocy t es , I mea sured the fo l l o�ing 
me l anosome p arame t ers: length, w id th , ves icula -g l obu l ar C VG )  body 
coun t, and me l anosoma l mat rix organi zat ion . Leng t h - to -width  ra ti os 
and m e l anoso m a l a reas we re calculated f rom these raw data. 
Compari sons be tween t hese measureme n ts showed the extent  to which MSH 
can switch the phaeomelanin produc t i on o f  the �� � me l anocyte into  
eumel an in  syn thes i s  of the �� � melanocyte . 
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LITERATURE R EV IEW 
Overv i ew 
I n  order for me l anogenes i s  t o  occu r i n  v iv o , func t i ona l dnd 
s t ruc t u ra l componen t s  are essen t ial . The enzyme t y ros inase and 
the p i gm e n t  con t a i n i ng granu l e  the me lanoso m e  fulf i l l t h e se r o l es, 
respec t i ve l y, w i thin the melanocy t e . The c l as sic ve rs i on of t h e  
pa thway o f  me l an i n  b i osyn t hes i s , known a s  t h e  Mason-Rape r pa thway , 
i s  sho�n in F i gure 2 .  
Tq1osine DOPA • DOPAQuinoM 
t�r osinose ttjrosinose 1 
LeucoOOPAcbtome 
�  l 
EuiiM! ..... DOPAehfome 
l ' r C02 ...... "" 
Hejanochlome +- lndole-5 .. &--Quinone +-- DHI 
F i g .  2 Mason-R ape r pa t hway ( c l as s i c  ve rs i on > . 
The syn t hes i s  o f  me l an in is i n i t i a ted 
b y  t he conve r s ion of t yros i n e  t o  DOPA 
b y  t yros i nase and so i s  the conve rs i on 
o f  DOPA to DOPAqu i none . Do paqu i none 
i s  t hen oxidized nonen z y ma t i cal l y  to 
Indo l e - 5 , 6 - q u i none . DOPA = Dih y d r oxy­
pheny l a l ahine; DHI=5,6-bihydroxyindole. 
S i nce t he i n t roduct i on d f  the Mason - Rape r p a t h w a y  i n  the 
1920's a more comp l ex pathway has evolved (see F i g . 3 ). Compa r i son 
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be tween the c l as s i c  vers ion and upd a t ed vers ion sho�s t ha t  p rogess has 
been made but a l so t h a t  t h i s  pa thway is not as s im p l e  a s  it �as f i rs t  
t ho ugh t t o  be . R e ferences t o  F i gure 2 w i l l  be m a d e  t h roughou t th is 
CtJSittM 7 
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F ig .  3 Mason - Rape r pa t hway ( upda ted version) . 
The .maJor di f fe rence be tween t h e  
c l ass i c  and upda ted ve rs ion i s  t he 
regu l a ted con ve r s ion o f  DOPAch rome to 
I ndole - 5 , 6 - qu i none by the enzyme 
Dopac h romeox i do reduc tase < DCORJ a l so 
kno�n as DOPAch rome Conv e rs ion Fac to r 
COCFJ·. I ndo l e  Con vers ion Fac t o r  <ICFl 
appe a rs to be re l a t ed to t he t y ros ina se 
enzyme < Mu l l e r  et a l . ,  1 988 ) . Indo l e  
B l ocking Facto r re t a rds t he con v e r s i on 
o f  5 , 6 - Dihyd roxy i n do l e  < DHI) and 
5 , 6 - D i hydroxy i ndo l e - 2 - ca rboxy l i c ac i d  
<DH I CA) t o  Indo l e - 5 , 6 - q u i none . I f  
excess cyste ine o r  gl u t a t h ione is 
presen t ,  these compound s  will reac t 
w i th the qu i none s  in t h e  pa t hw a y  to 
fo rm ye l l o� or red phaeomelan i n . 
1 
chap t e r  whenever needed to clari fy the t o t al sc heme of melanogenes i s .  
The Ma son -Rape r pa t hw a y  i s  t ho ugh t -co occur � i th in. t he 
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melano somes . T y ros inase i n i t i a tes the conve r s ion of t yros i ne to 
d i hydroxypheny l a l an ine C DO P AJ .  DOPA is oxid i z ed by the sam e  enz yme to 
OOP Aq u i none, w h i ch r�arr anges spon taneou s l y  to l eucodopach rome . 
Purif i ed t y ros i na se con t a i n s  coppe r  and h as been shown to be a m ixtu re 
bf t hree i so z y me s  (He a r ing et a l . ,  1 98 1 1 .  Two of the i sozy mes are 
p resumed to be precu rsors o f  the th i rd, w h i ch is assoc i a t ed � i th the 
me l anosome and is proba b l y  respons i b l e fo r i n i t i a t in g  me l anogenesis in 
t he ce l l ( Pawelek and Ko rner, 1982 ) .  
The me l an i ns wh ich a re formed are de pos i t ed on a ma t rix o f  
f ib e r s  w i th i n the me lanosome un t i l  t h e  m e l anosome is fully me l an ized 
( see F i g .  4 ) . Upon comp l e tion the me l anosomes are t ransport ed into 
F i g .  4 Me l an i n deposit ion on to m a t r ix fibers 
w ith i n  me l anosomes 
the dendr i t es of the hairbu l b  me l anocy t e  to be incorporat�d into the 
adJacent kera t i nocy t es . 
Syn t he s i s  o f  me l anin can be s timula t ed by a hormone named 
� - me l anoc y t e  s t i m u l a t i ng hormone <MSH). Tyrosi nase ac tiv i ty and 
me l anin syn t he s is. are increased when me l anoc y t e s  are exposed to MSH 
< Pawelek and Ko rne r, 1 982) . 
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Gene A c t ion 
T h e  melanocyt es of  the. ski n  and ha i r  fo l l i c l es or igi��te in  
the neural  c rest . These c e ll s  have a morpho l ogy rem in i sc en t of  nerve 
cel l s  a nd are sometimes �a l l ed " hono rary neuronesn ( Jac kson , 1985). 
Cells m i gra t ing away from the neura l c res t d i f fe rentia te into several 
cell types. The c e ll s  m igra t i ng near the bod y· sur face bec ome 
me l anocyt es , wh ile the o ther c e l l s , m igrat ing deepe r , fo rm par t s  of 
the pe r i pheral ne rvo us system and the cel l s  of the ad rena l medulla. 
The hai r f o l li c l e  i s  made up of componen ts from two o f  the prim ary 
ge rm l ayers of t he embryo , mesod erm ( the d�rmis l aye r) and ect0derm 
( the ep id e rm i s , from wh ic h  the hair form s) .  Me l anocyte s e n ter the ha i r  
fo l l icle as i t  deve l ops from an invag i na t i on of the epi derm i s by th e 
derma l t i ssue ( see Fig.  5) 
Pigment 
cells Papilla 
F i g .  5 Early deve l opmen ta l  st ages of the ha i r  fo l l ic l e .  
benea t h  and-they secrete m e l anin gran ules i n t o  the ha i r  a s  i t  grows . 
Af ter  grow t h , the follic le ente rs a q uie scen t  phase and melanocytes 
a re no l onger �i sib le . P l uck ing a ha i r  st im u l a tes the rea ppea ran ce o f  
me l anoc ytes , �hic h ei ther migra t e in f rom nea rb y  sk i n  or div ide and 
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i n  f rom nearby sk i n  o r  d i v i de and d i f fe ren t i a te from res ident stem 
cel l s  ( Jack son , 19851 . The ha i r  fo l l i c l e  con t a i n s  15-20 Me l anocy tes . 
Me l anogenes i s  i n  h a i r  fol l icu l ar m e l anosomes i s  unde r 
d i s tinct gene t ic con t ro l . Over 130 d i ffe rent coa t  co l o r  mut a t ions 
have been ca t a loged in m ice a t  mo re t han 50 genet ic loc i  ( Si l ve rs , 
1979) . Sho r t  desc r i p t ions o f  the fo l l ow i ng m u ta t ions or l oci a re 
d i scussed bel ow: agou t i  ( A) , l e tha l ye l l ow C Ay > , nonagou ti ( a ) , a l b i no 
CC), and recess i ve ye l l ow ( e ) . 
The agou t i l ocus (chromosome 2) i s  a c oat c o l o r  determ inan t 
wh i ch act s  v i a t h e  ha i r  fo l l ic l e  ra the r than aut onomousl y within 
me l anoc y t e s  (S i l ve rs , 1979) . I t  a l so appears t o  be a complex l ocus 
<S i l ve r s , 1979) and may con t a i n  pseudoa l leles , e.g., � < S i racusa et 
a l . , 1987b) . Le tha l yel l ow (Ay> mu t at i on may e xe r t  a position 
e f fec t on a ne i gh bo r i ng A allele < S i rac usa et a l . , 1987b ) .  Dur i ng 
g row t h  o f  a n  agou t i ha i r  a cha racte r i s tic band ing pa t te rn appears . 
A subap i c a l band i s  fo rmed in  an o therwise black ( or brown) ha i r .  
This pa t te rn i s d ue t o  a rap id sh i ft f rom syn the s i s  and depos i t ion 
of b l a�k p igmen t  to ye l l ow p i gmen t and back aga i n  t o black pigmen t 
by the me l anoc y t es o f  the ha i r  fo l l icle (Silvers, 1979) . The agou ti 
locus gene p roduct is p resumed to be some t y pe of s i gnal to the 
me l anoc y t e s  a bou t the type o f  p igmen t (yellow o r  black> to make 
( Jackson , 1985; Tamate and Takeuchi, 1984 )· . The alleles which have 
been desc r i bed as be ing  pa r t  of the agou t i compl ex number 17 o r  more . 
The l e tha l y e l low C Ay )  re pre sent s the top dom ina n t  of t�e agou t i 
se r ies , and p heno t ypes d i sp l ay a r i ch yellow o r o range color on the 
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C57BL / 6J st ra i n .  Nonagouti b l ack C a/a) pheno t ypes d isp l a y  a so lid 
b l ack co l ored coa t . 
Stud i e s  to de term ine the a f fect o f  t he agou t i l ocus on the 
-
regula t i on o f  me l an in syn t he s i s  have coricen tra t ed o n  the ro l e  at 
su l fhyd r y l componen t s  such as cy ste ine and gl u t a t h ione C Geschw i nd, 
et a l . ,  1 972 ; S i l vers , 1 979; F l e i schman n , 1980) . Some s u l fhydry l 
compounds a re po ten t che l a tors and ty ros i nase , the key enzyme i n  the 
syn t hes i s  of me l an in ,  is a coppe r m e t a l l op rote in C Mo v agha r  and Hunt , 
1 98 71 . D i rect chem i ca l  measuremen t s  o f  su l fhydry l compounds sho� 
e l eva ted leve l s  in ago u t i ha i r  bu l b s  at t he phaeome l an i n  p roduc t i on 
s t age and t h e re fore a re assumed to a f fec t t y ros i nase ac t i v i t y  
C Movagha r  and Hun t , 1 9871 . 
Other specu l a t ions abou t the act i on o f  agou t i  l ocu s  gene 
.produc t s  have a l so sur faced . Endop lasm ic re t i cu l a r - and 
Go l g i - med i a ted g l ycosy l at i ons < Rothman , 1 98 5 >  a re t hough t to be 
· essen t i al to · a t  lea s t  th ree sepa r a t e  bu t funct i ona l l y  in tegra t ed 
componen t s  o f  me l anogenes i s : ( 1 ) M a t u ra t i on o f  ty ros i na s e  from T3 to 
Tt and f rom T 1  to T4, <2 > T rans l oca t i on of Tt-c o n t a i n i n g  Go l g i -de r i ved 
m i croves i c l es to preme l anosomes and subseque n t  i n t ernal iz a t ion v i a 
memb rane t a rge t i ng and recep t o r  g l ycop r o te ins , and (3). I n tegr i t y and 
func t i on i ng of me l anosoma l ma t r i ces C imokawa and M i sh i m a , 1 986 ) . S i �ce 
the m u l t i p l e  forms of ty ros i n ase resul t f rom g l ycosy l a t ion 
react ion sJ it  seems poss i b l e  tha t ttiere i s  a d i st u rbance in p rote i n  
g l ycosy l a t i on i n ��� m i ce <Pawe l ek and Ko rne r , 1 982 ) . Abe r r a t ions i n  
t h e  g l ycosy l a t i on p roced u re cou l d  af fec t t y rosina se ac t i v i ty and 
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t he re fore the spec i f ic type o f  me l an i n  ( b l ack or y e l l ow )  produced . 
Ho l ste i n  et a l . (19711 reported that agou t i locus a l l e l e s  CAy , Avy , 
and a )  spec i fy di f feren t i sozymes o f  tyros i na se . Th is o bserva t ion 
suggests that the agou t i l ocus may p l ay a ro l e  in post t ra n s l a tiona l 
process ing o f  t y ros i n a se . 
U l t rast ructu ra l d a t a  documen t t h a t  Ay p ro found l y  a ffect s  the 
organ iza t ion o f  me l a nosoma l m a t r ices ( Geschw i nd et a l . ,  1972; Moyer , 
1966 , J i m bow and Takeuch i ,  1979) . 
i nvolved i n  the st ruc t u ra l 
Therefore the agou t i  l oc u s  is a l so 
deve lopm ent o f  the me l anosome . 
M ice homozygous for the a l b ino muta t ion ( c2J ) produce no 
p igmen t . Other a l l e l es o f  the c locus have reduced amoun ts o f  both 
p i gmen t types . Tyros i nase is the on l y  en zyme we present l y  know tha t 
i s  a ffected by mutat ions at bo th agout i  and a l b i no l oc i .  Tyros i nase 
i s  though t to be encoded a t  the a l b i no (�) locus ( Jackson, 1985 ) .  The 
a l b i no l ocus i s  located o n  chromosome 7 .  The c2J / c2J mutan t is 
thoug h t  to be t y ros i nase nega t i ve ( Townseno e t  al . , 1981; G ranho l m  e t  
al . ,  1988 ) , but a PAGE - de f i ned band i ng pa t tern has been obse rved which 
is s i m i l a r  to the a / a  C /C t y ros i nase ( Japs, 1987 ) .  Japs (1987 ) 
sugges�ed tha t the c2J mu tan t m i gh t be p roducing a t y ros inase wh ich i s  
e l ect rophore t i ca l l y norma l bu t nonfunc t i ona l . Townsend et a l . ( 1981 ) 
suggested tha t the c2J mu t an t  may encode a norma l t yrosinase bl. t 
i n  ext reme l y  low concen t r a t i ons. Furthermore, i t  has been no ted by 
Japs (1987 ) that the a l b i no l oc u s  may a l so be i nvo l ved io s t ruc tural 
aspec t s  o f  m e l anosome on togen y . 
S t ud ies have shown tha t the a l leles a t  the a l ocus exe r t  
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the i r  e f fect on me l anocytes ind i rec t l y  by mod i fying the l oca l t i ssue 
env i ronment ,  whe reas t he E < Extens i on> l ocus is con s i de red to funct ion 
with i n  t h e  me l anocytes .  Me l anocyte st i mu l a t ing horw.one < MSHJ has an 
e f fect on me l anogenes i s  in such a way tha t the ��� mouse w i l l respond 
by mak i ng black p igmen t instead o f  ye l lo� p i gmen t ( Ge schw i nd et al., 
1972) . M SH a ct s  t h rough a cyc l ic AMP- dependent mecha n i sm <Pawe l ek and 
Korne r, 1982 ).  The recess i ve y e l l ow (�/�) mu t a tion is expres sed in the 
me l anocyt e  and may encode or con t ro l  some · property o f  melanocyte 
receptors . Me l anocyt e s  from ��� m i ce p roduce on l y  y e l l ow pigmen t as 
do t h e  me l anocytes in �� sk i n .  Bu t un l i ke those f rom Ay/ � ani ma l s ,  
��� me l anocyt es w i l l  n o t  respond to M SH . Howe ver, t he ��� m e lanocytes 
do respond by p roduc ing b l ack p igmen t a f t e r  t rea t m e n t  wi th d i buty ry l 
cyc l ic AMP,  wh i ch may be bypas s i ng the recep tor and ac ting 
i n t race l l u l ar l y  to ac� i va te eumelanin syn t hes i s  ( Jackson , 1 985) . The 
e f fect o f  M SH on mamma l i an me l anocytes is be l i eved to be mediated by 
the adeny l cyc l ase - cy c l i c  AMP sy s t em . Hair bu l b  me l anocy tes w i t h 
genotype ��� may exh i b i t de fec t s  i n  the func tion o f  an MSH receptor ; 
t he e · l ocus m a y  con tro l · a mechanism tha t determ i ne s  the fun c t iona l ity 
o f  the MSH rece p t o r  < Tamate and Takeuch i ,  1 984 ) . 
Tyros i na se 
Ty ros i n a se , t h e  p r i m a ry enzyme respons i b l e  for the formation 
o f  melan i n  pigment from the am i no aci d  tyrosine in mammals Csee F ig .  
21, i s  a m e t a llog l yc o p rote i n  wh ich con tain s a b i nuc l ea r  coppe r comp l ex 
<Mu l l er e t  a l . , 1988) Tyros i nase has been show n to occu r in three or 
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four d i fferent e l ectrophoret i c  form s by po l yacry l am ide ge l 
e l ectrophores i s  !PA GE > . These isozymes appear t o  occur as t he resu l t  
of  post - t ranslat ional mod i f ications of a s ingle bas ic polypept ide 
!Hear i ng e t  al. ,  1 98 1 ) .  The i sozymes are named as  fo l l ows : Tt, T2, 
T3 , and T4. T3 represents the de novo form of  the tyros inase 
mol ecu l e , wh i le the T2 i sozyme i s  an art i factua l ent i ty caused by 
deam ida t i on of T3 formed under e lectrophoret ic  cond i tions . �hen the 
T3 mo lecu l e i s  pos t - translationa l l y mod i f ied by the add i t ion of 
neutra l  sugars ( mannose and ga lactose ) and sia l ic  ac id , i t  g i ves 
r i se to the glycosyl ated form , T1 . The T1  tyros i nase i sozyme can then 
be comp l exed to me l anosomal proteins , membranous in na ture , to form 
T4,. the act i ve ty ros inase mo l ecu l e  ( Hear i ng et a l. ,  1 98 1 ) .  Molecular 
we i gh t  est imates ( based on the am ino ac id  con ten t s > o f  the protein 
cha in , i nd icat e  an iden t ica l mo l ecu l ar s i ze of approximately 65 , 000 
dal tons for the prote in moe i ty of each of the i sozymes <Hear ing et 
a l . , 198 1 ) .  Ha l aban et  a l . ( 1 983 ) showed a Mo l ecu lar weight of 
57,000 da l tons for the i sozyme T3 and 80 , 000 da l tons for Tt (Ha l aban's 
approximations are based on the am i no ac id  and carbohydrate 
componen t s ) . T4 is the only enzyme assoc iated wit h  melanosomes and 
is act i ve l y  i nvo l ved in  me l an in  syn thes is . The other isozymes T3 and 
and T t  are t hough t to be precursors of T4. The precursor T3 is 
synthes i zed on the ribosomes of the rough endoplasmic reticulum, 
processed to Tt, and subsequen t l y  packaged into coated vesicles 
der ived from the . Gol g i  complex which then fuse with premelanosom es 
( Maul  and Brumbaugh , 1 971) . 
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Tyros i nase CT4l appears to  have three or four maJor 
functions w it h i n  the Mason - Raper pathway ( see F ig .  2> . These incl ude 
t yros inase hydroxylase <TH > act i v i ty ,  DOPA oxidase <DO> act i v i ty , 
i ndole cohvers ion factor <ICFl act i v i ty <Mul ler  et a l , .  19881, and 
pos s i b l y  DCOR act i v i ty <Hear i ng e t  al . ,  19821. The Tt . i sozyme and i ts 
assoc i at ion w i th I ndo l e  B locki �g Factor < I BF J cou l d  preven t mel an in 
and i t s  tox ic precurso rs from accumu l at ing in the cytoplasm ( Hear ing  
et a l . ,  1982) . 
Barber et  a l . ( 19851 reported reduced TH and DCOR act i v i t ies 
assoc iated w i th the � a l le l e ; MSH could  restore, though not f u l l y ,  
the act i v ity  o f  these enzym es . Lamoreux and Pendergas t  ( 1987) make 
the case that DO act i v i ty is al so reduced due to the � a l lele . 
Tyros i nase could a l so p l ay a ro l e  s t ruc tural l y  by complex i ng �i th  t he 
me l anosome f i l amen t s  as a s t ructural  en t i ty as wel l  as an enzymatic 
one (Hear ing e t  al . ,  1973) . 
Tyrosi nase i s  encoded at the albino l ocus < Hal ab an et  al . , 
1988; Mul ler  e t  al , .  1988). The amoun t o f  me l an in i s  d eterm ined, at 
leas t  · i n  part , by the ac t iv i ty o f  tyros i nase ( Ha l aban  e t  al ., 1983). 
Stud ies by Halaban e t  al . < 1983) suggest that gl ycosy l ation o f  the T3 
i sozyme w i t h i n  t he Go l g i  comp l ex occurs ma i n l y  by format ion of 
a- g l ycos i d ic  l i nkage of sugar units to the am i no ac i d  ser i ne and / or 
threon i ne .  0 - g l ycosy l at ion o f  tyrosinase cou l d  confei protec t 1on 
aga i nst degradat i ve enzymes . Imokawa and M ishima (1986) suggest that 
N - g l ycosy l at ion to t he am ino ac id asparag i ne o f  tyrosi nase and 
premel anosomal prote i ns i s  a key process for t yros i nase transfer 
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w i t h i n me l a nogen ic compa r t me n t s, as we l l  a s  for subsequen t 
me l an i z a t ion o f  p reme l anosome s .  The hal f - l i fe v a l ues for T3 and T 1  
f rom human m e l anomas w e re 3 hou rs and 14 hou r s , respec t i ve l y  C Ha l aban 
et a l . , 1983).  Burch i l l e t  a l . (1988) repo r t ed a ty r o s inase 
ha l f - l i fe ,  f ro m  m u r i ne A vy h a i r  · fo l l i c l es , of 3 . 5  hou r s . O t he r  
facto rs such a s  in t race l l u l a r  d i s t r i bu t i on o f  t h e  t y ros ina se enzyme 
cou l d  p l ay a ro l e  in me l an i n syn t hes i s  ( Townsend e t  a l . ,  1981) . 
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Mel anosome Ontogeny 
The st ructura l  aspect of the b iosyn the t ic pathway o f  melan in  
inc l udes such st ructures_as rough endopla smic re t i cu l um < R ER>. smoo th 
endopl asmic ret icu l u m  CSER > , Golg i complex , mel anosomes , matrix 
prote ins,  vesi cu l og lobular  <VG > bod ies,  and coat ed ves icles (CV > . 
As a f i rst  approx i mat i on ,  me l anosomes  con s i st o f  an i nte rna l 
mat r ix surrounded by a l i mi t ing membrane . Melanin is depos ited on the 
matrix part ial l y  due to  the action o f  tyros i nase wh i c h  i s  incorporated 
into the me lanosome dur ing its  deve l opment < F l eischmann, 1980}. The 
theory most accepted as to the mode of organe l l ogenes i s  of me lanosomes 
suggests a separate or ig in for the t wo mdJOr componen t s , the matr ix  
pro te ins  and tyros i nase . The lim i t i ng membrane of the melanosome 
forms as  a foca l d i l at ion of the cisternae of  the tubular SER. The 
mat r i x  prote i n s  are poss i b l y  encoded at  the B, C ,  P, and other l oci 
-( Hear ing et a l . ,  1973> and are synthes ized on ri bosomes of the RER and 
enter these ves i c l es v ia the continuous cis ternae o f  the SER . The 
enzyme tyros inase is also synthesized on  the r i bosom es of the RER and 
reaches the Gol g i complex v ia the conti nuous SER and is packaged in to 
coated ves icle� .  The tyrosinase is then t rans fe rred in these coated 
ves i c les to  the d i lated tubu l es o f  3E R . The coat ed ves icles then fuse 
�i th  the li m i t i ng membrane of  the l a rge r preme l anosoma l untt derived 
from the SER and invo l ute to form the com P- le te early me l a noso me · <Maul 
and Brum baugh , 1971; Sugiyama , 1979> . 
E l ect ron m icroscopy data have revealed distinct morphological 
d i f ferences within me l anosomes between a/a and Ay/� m elanocytes 
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CGeschwind , et al . ,  1 972; Moye r , 1966; J i mbow a n d  Takeuch i ,  1 9791 . 
The �/! mutan t s  have sphe rica l melanosomes con t a i n i n g non - s t ruc ture d 
ma t r i c e s , wherea s  the a / a  mutants have el l i p t i c a l  me l anosomes 
con tainin g  s t ructured ma t r ice s  ( J i mbow and Take uch i, 1 979 ) . The 
ell i psoida l  melanosomes conta i n  shee t s  o f  unme l anized or me l an i zed 
lame l l ae wit h  a regu l a r  s t ria t ed per i od i c i t y . Moye r ( 1 966 ) mea su red 
the s e  fibers or · l ame l l ae to be 9 nm i n  d i amete r and the cross - l i nks 
be t ween f iber s  a re app rox i mate l y  3 . 5 nm in d i amete r and abou t 10 nm 
lon g . The p·e r i od i c i ty of t he c ros s - link ing f iber s  i s  aboo u t  10.5 nm 
< Ri t tenhouse , 1968>. The ave rage s i z e  of eume l anosome s  C a l l  stages ) 
was 515 nm C l ength ) x  365 nm C w i d t h ) ( Ja p s, 1 987) . Gene ra l l y ,  
me l aniza t i on w ith i n  t h e  eum.e l anosome s  occur s  even-l y t h roughou t the 
me l anosome . P h aeo m e l anosomes con tai� no organ ized ma t rix and me l an i n  
i s  depos i ted i n  discrete but random l y  d i s t r i buted a re as .. o n  a tang l ed 
mat of extremely f i ne fibers• <Moye r ,  1966 ) .  The a reas of depos i t i on 
sp read and fuse unt i l  the me l anosome assumes a dense homogeneous 
appea r a n ce . C ros s - l i n k ing has n o t  been noted < Moye r , 1966 ) .  The 
ave rage size of phaeome l anosomes Ca l l  stages> i s  528 nm C length>x 
406 nm (wid t h> ( Japs , 1 986 ) . Moy e r  ( 1966 ) sta t e s  t ha t � h e t erozygous 
ha i r  fo l l i c u l a r  me l anocytes i n frequen t l y make eume l an i n and tha t in 
t hese cases , the ontogeny and s t r uc t u re of the g ranules are i dent i c a l  
t o  a/a me l anosomes .  
The i mp o rtanc e of a func t i ona l ma t r i x has been s t re ssed by 
seve ra l i n v e s t iga tors . Moyer ( 1966 ) sta t e s  t h a t the m a t r i x  f ibe rs are 
proteins con t a in i ng s i t es o f  t y ros i nase act iv i ty . Mau l  and Brum baugh 
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( 1 971 ) stated " . . .  makes i t  seem un l ike l y that t he character ist ic 
matr i x  cons ist ing  o f  he l ical f ibers or folded shee t s  i s  composed of 
aggregated tyros inase mo lecul es or that  they conta i n  act ive 
tyros inase . • .  " . Furthermore , changes in the am ino ac id  sequence o f  
mat r ix prote ins m ight a l ter the b i nd ing o f  me l an i n  t o  the mat r i x  or 
these changes cou ld a l ter the con f igurat ion of t he act ive tyros i nase 
s i tes and f ina l l y , that such changes m ight a l ter the c ross - l i nk ing 
s i tes on the f i bers , thus interfer i ng w i th t he orde r l y  aggrega t i on 
o f  the mat rix . I mokawa and M ish ima ( 1986 ) suggested that  an aberrant 
gl ycosy lat ion mechan i sm cou l d  impa i r  the tyros inase - accept ing  funct ion 
of these f i bers . Z i mmerman ( 1982 J ind ica ted that at l east one of  the 
mat r i x  component s  is a g l ycop rote i n . Brumoaugh ( c i ted i n  Geschw i nd , 
et a l . ,  1972 ) sugges ted that " su l fhydry l s  react w i th  the mat r i x 
subun i t s  so that crossl ink and st rand forma t i on i s  reduced . . .  ( an d ) t he 
resu l t i ng phaeome l an in  preme l anosome i s  l ess ab l e  to o x i d i z e and 
po l yme r i ze me l an i n  precursors because of i t s  d i sorgan i zed st ructure . '' 
The in i t ia l  stages o f  me l anosome on togeny a re s i m i l ar i n  
�� � and a / a  ha i r  bu l b  me l anocy tes < F le i schmann , 1 980 ; J i mbo� e t  a l . ,  
1 979 ) .  J imbo� and Takeuch i ( 1979 1 desc r ibed the  deve l op men t a l  
stages through wh ich the eu � and phaeome l anosomes m a t u re ( see Tab l e  
1 and F ig .  6 > . The a l b ino gene seem s t o  be t he k ey fac t o r  for t he 
const i tuent s  ( presumab l y  
( J i mbow e t  a l . ,  1979 ) .  
t yro s i na se >  
They a l so 
o f  ves i c u l og l obu l a r bod ies 
p roposed t h a t ves icu l og l obu l a r 
bod ie� are the key un i t s  i n vo l ved i n  the o rgan i za t i on and me l an i z a t ion 
of mel anosomes and that  t he i r  number a n d  _ mode o f  i nvo l v e men t  i n  
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me l anoso m a l  d i f fe ren t i a t i o n  a re u nd e r  gene t i c  con t ro l . Hat t a  e t  a l . 
{ 1988 ) s t a t e  " . . .  coa ted v e s i c l es t ra n s f e r  n o t  o n l y  T 1  t y r o s i nase b u t  
a l so eume l a n i n  monomer s  . . .  " .  Mau l a n d  B r umbaugh ( 1971 ) assume t he 
ves i cu l og l obu l a r bod i e s , 40 nm i n  d i am e t e r , t o  be d er i ved f rom coa ted 
ves i c l e s , 70 n m  in d i am e te r , and l os e  t he i r  " coa t " when i ncorpo ra ted 
i n t o  me l anosom e s  and t hen t rans f e r  ty ro s i na se . A n u m e r ica l compa r i son 
by J i mbow and Takeuch i ( 1979) of v e s i cu l og l obu l a r  body i nvo l vement 
du r i ng me l a no so ma l m a t u ra t i on s tages I and I I  be t we e n  t he Ay / �  and �� � 
me l anOcyt e s  o f  ha i r  f o l l ic l es sugge s t s  a d i f fe rence i n  t he invo l vement 
o f  ves i c u l og l obu l a r bod i e s  be t ween t he t wo geno t y pe s  ( see Tab l e  2 > . 
Tab l e  1 .  S t ages o f  m o rphogenes i s  i n  phaeo - and e u m e l a n o somes (J i m bow 
and Takeuch i ,  1 979 ) . 
Stage 
I 
Ea r l i e s t  s t age 
of deve l op m e n t  
I I 
Assem b l y  o f  
inner s t r uc t u re 
I I I  
Me l an i za t i o n  
o f  i nn e r  
st ruct u re 
I V  
Latest s t age 
of deve l opmen t 
Phaeo m e l anosome 
s p he r ica l vacuo l e  
con t a i n i ng amorphou s ,  
p r o t e i naceous 
ma te r i a l s  and a few 
v e s i c u l a r g l obu l ar 
bod i e s . 
sphe r ica l vacuo l e  
w i t h  n u m e rou s 
v es i�u l o g l obu l a r  
bod i e s  and amorp h o u s  
m a te r i a l s .  
sphe r i ca l vac uo l e  
accu mu l a te d  w i t h  
m e l an i zed , g r an u l a r  
ma t e r i a l s .  
sphe r ica l vacuo l e  
w i t h  amo rphous, 
e l ec t ron - dense 
ma t r i x, b u t  w i t ho u t  
ves i cu l a  g l ob u l a r  
bod i e s . 
E um e l a n osorne 
s ph e r i ca l  vacuo l e  
con t a i n i ng amo rphou s , 
p ro t e i naceous and a few 
ma t e r i a l s  and a few 
ve s ic u l a rg l obu l a r  
bod i e s . 
e l l i pso i d a l gr�nu l e  
a s se m b l ed w i t h  
o rg a n i z ed l a me l l ae 
a nd ve s i c u l a  g l obu l a r  
bod i e s . 
e l l i ps o i da l  g ranu l e  
accu m u l a t ed w i t h  
me l a n i zed l ame l l ae 
a n d  v e s i c u l a  g l obu l a r  
bod i e s . 
e l l i p so i da l  g ranu l e  
w i t h  v e s i cu l a  g l ob u l a r  
bod i e s  a n d  e l e c t ron ­
dense , g l obu l a r bod i e s  
a n d  e l ec t ron - dense , 
amo rph ou s m a t r i x .  
Tab l e  2.  N u me r i ca l  compa r i son o f  ve s i cu l og l ob u l a r bod i es be tween 
s t ages I and I I  and t ype o f  me l anogene s i s  ( m od i f ied from 
J i m bow e t  a l . ,  1 979 ) . Ye l l ow = Ay / a  C / c ; B l ack = �� � �� �­
N u me r i c a l  compa r i son was made o n:Zt -mel anosomes a t  stages 
I and I I  of deve l opment . 
Type o f  t i ssue S t ages of m e l an o so m a l d i f fe ren t i a t i on 
and me l an i n  
product i on S t age I S tage I I  
Ha i r , b l ack 
Ha i r, ye l l ow 
1 . 7 + 0 . 9  
-
2 . 1 + 1 . 8 
4 . 3  + 1 . 5  
1 5 . 0  + 4 . 4  
F ig 6 .  Schema t i c  out l i ne o f  me l anosome f o r ma t i o n  i n  
m e l anogenes i s  and phaeome l anoge ne s i s . E M , 
eumel anosom� ; ER, endop l a sm i c  re t i cu l um ; 
G ,  Go l g i  comp l ex ;  GE , G E R L  < Go l g i - a ssoc i a ted 
E R - l ysosome ) ; PM , phaeome l anosome < Ta k euch i ,  
1 985 ) . 
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I n  t he eum e l anosome s the f i br i l l a r c o m ponen t tends t o  form 
a sp i nd l e  or h e l i ca l  l i ke ma t r i x wh i l e t he l i m i t i n g  m e m brane gene ra l l y 
take on an e l l i p t i ca l  shape as ma t u ra t i o n  c o n t i nu e s . Me l an i n 
depos i t ion occ u r s . on and be tween t h e  o rgan i ze d  f i b r i l l a r e l ements 
< F 1 e i schman n ,  1 980 ) . I n  t he ffiouse t h e  p h aeome l ano somes rema i n  
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sphe r i ca l  �nd the f i b r i l l a r  compone n t  rema i n s  l oo se l y  o rgan i zed wh i l e  
t he m i c roves i c l e  component rema i n s  p rom i ne n t  w i th i n  t hese m a t u r i ng 
g r a n u l e s . Accord i ng to J i mbow e t  a l . ( 1 979 ) d u r i n g  eume l anosoma l 
deve l opmen t ,  t he ves i cu l og l obu l a r  bod i es ( m icrove s i c l e s ) become 
a ssoc i a ted w i t h the me l anosoma l i n n e r  l a me l l ae and t h e i r  o u t e r  s u r face 
becomes me l an i z ed wh i l e in phaeom e l a n ogen e s i s  t he s e  bod i e s  fuse w i t h 
each o t h e r  to form an amo rphous m a t r i x  on com p l e t e  d i f feren t i a t i on .  
«- Me l anoc y t e  S t i mu l a t i n g  Hormone ( M S H ) 
M SH i s  p roduced i n  the i n t ermed i a t e  l obe o f  
g l and by t he c l eavage o f  adrenoco r t i c o t rop i c  hormone 
t he p i t u i ta ry 
< ACTH l . The 
comp l e t e  a m i no a c i d  seq uence of M S H  con t a i n s  13 a m i no ac i d s  ( see F i g .  
7 ) . MSH s t i m u l a tes sk i n  da rken i ng i n  l owe r ver t e b ra t e s  w i t h i n  a few 
Se r - Ty r - Se r - Me t - G l u - H i s - Phe - A rg - Ty r - G l y - Ly s - P ro - Va l  
F i g .  7 Com p l ete am i no a c i d  sequence o f  M SH . 
m i nu te s . The response i s  due t o  t h e  rap i d  t ra n s p o r t  o f  me l anosomes 
from t he cen t e r  o f  the p i gmen t ce l l o u t  i n to the d e nd r i t i c proce sses 
( Pawe l ek and Korner , 1 982 ) . M SH a l so i nd uc e s  a p rogram of b l ack 
me l an i n  p roduc t i on in Ay /� m i ce a ft e r  subc u t an eo u s  i n J ect i on s  o f  
exogeno u s  M S H  a t  e x c e s s  amoun t s  ( Ge schw i n d  e t  a l . , 1 972 > and i s  a l so 
known to ca u se sk i n  d arken i ng i n  humans l Pawe l ek and K o rne r , 1 982 ) . 
I n  mamma l s  t y ro s i nase act i v i ty a nd me l a n i n  s y n thes i s  a re increa sed 
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when me l anocy tes a re exposed to M S H . I t  i s  p o ss i b l e , howe v e r , tha t 
o t h e r  re l a ted p i t u i ta ry pept i de s  a re tne t rue i n  v i vo 
p hy s i o l og ica l l y - ac t ive componen t s  ( Pawe l ek a n d  Korne r , 1 982 ) . 
Geschw i nd e t  a l . ( 1972 1 s t a t e  tha t " MSH h a s  n o  no rma l phy s i o l og ica l 
func t ion de te rm i n i ng coat co l o r  o f  t he l ab o ra t o ry mou se . " Bu rch i l l  et 
a l . ( 198.6 ) found that c i rc u l a t i n g  M SH p l a sma l eve l s of the A vy / A vy 
mou se t o  be no d i f fe ren t be tween the eume l a n i n  and phaeome l an i n 
produc t ion s tages . Whether or not M SH i s  a t ru e  i n  v i vo reg u l a t o r  o f  
me l anogenes i s , i t  can b e  u sed a s  a t oo l t o  change ce l l  express i on by 
a l t e r i ng enzyme act i v i t ies and s t ruc t u ra l a spec t s , t h e reby c rea t i ng 
a sys tem acce s i b l e  fo r s tud i e s  on gene exp res s i on , i n t e rce l l u l a r  
commun i c a t ion , a n d  o t he r s . I n  t h i s  pa r t i cu l ar s t u d y  M S H  was u sed to 
p ro be t h e  genet i c  and d e v e l opmen t a l  regu l a t i o n  of m e l anogene s i s . 
Pawe l ek and K o rn e r  ( 1982 ) d i scu s sed t h e  c ascade o f  even t s  
fol l ow ing t re a t men t o f  m e l anoma ce l l s  w i t h M S H : ( 1 )  B i nd i n g  o f  M S H  t o  
receptor ,  < 2 >  R a p i d  r i se i n  cytop l a s m i c  cy c l i c - AM P , ( 3 )  I nc rease i n  
ty ros in a se act i v i ty , and ( 4) v i s i b l e  e l evat i on i n  me l an i n  · con t en t  
accompan i ed by an i ncrea se i n  m e l anoc y t e  s i z e a n d  n um be r  o f  
ge l anosome - l a i den dend r i te s . They fu r t h e r  s t a t e  tha t " The i n creases 
in me l an i z at i o n  and changes i n  ra t e s  o f  p ro l i fe ra t i on may be 
con t ro l l ed t h rough phosphory l a t i o n s  a n d  dephosphory l a t ions of spec i f i c 
prote i n s  . . .  tyros i n a s e  ac t i v i ty a n d  p ro l i f e r a t i on a r e  a f fec ted by a 
cyc l ic AM P - dependen t p rote i n  k i na s e  w i th i n  t h e  ce l l . " Wong and Pawe l e k  
( 1974 > obse rved t h a t  i nc rease s i n  cyc l i c  A M P  l eve l s  a n d  tyros i na se 
act i v i ty as a respon se to M S H  occ u r red p redom i nan t l y i n  t he G2 phase 
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of the ce l l cyc l e . I n  the G2 phase o f  t h e  c e l l cyc l e  the M S H  
recep tors a r e  m o s t  ava i l ab l e  < Va rga e t  a l , 1 974 ) .  V a rga e t  a l . ( 1 976 ) 
a l so noted t h a t  t he b i nd i ng o f  M S H  occu r s  i n  d i sc r e t e patches l oca t ed 
over t he reg i on o f  t he Go l g i  comp l ex .  A l t hough t h i s  M SH / cyc l i c  
AMP - med i a ted m e c han i sm i s  genera l l y accep t e d , p rec i se 
even t s  a re poo r l y  understood . 
m o l ecu l a r  
U l t ra s t r u c t u ra l l y , M SH - i nd uced Ay / � me l an oc y t e s  g i ve r i se t o  
th ree t ypes o f  me l a n osomes , name l y  phaeome l an o so m e s , e ume l anosomes , 
and mosa i c  me l anosomes < see Resu l t s and D i sc u s s i o n ; Takeuch i ,  1 985 ) . 
Mosa i c  me l anos o m e s  con t a i n  bat he phaeo - and eume l a no so m e  
charact e r i s t i c s . S a t o  e t  a l . < 1 985 ) men t i oned t h e  p o s s i b i l i ty t h a t  
the . mosa i c  t y pe o f  me l anosome i s  fo rmed b y  t h e  fus i on o f  a 
phaeome l anosome a n d  a eume l anosome . 
W i t h respect to the M SH - i nd uced i ncrease i n  t yros i na s e  
ac t i v i t y  and h o w  th i s  i nc rease i n  act i v i t y c o m e s  a bo u t  the fo l l ow i n g  
w i l l  deal w i t h  s o m e  o f  the re l evan t con t e m p or a ry re sea rch . M SH 
increases t y ro s i n ase a c t i v i ty bu t whe t h e r  t h e  i n c re a s e  i s  d u e  to new 
syn the s i s  of t y r o s i na se o r  act i va t ion of a l ready e x i s t i n g  do rman t 
tyros i na se o r  b o t h  i s  s t i l l  be i ng d i spu t ed < F u l l er et a l . , 1 987 , 1 988 ; 
Burch i l l and T hody , 1 986 ; B u rch i l l  e t  a l . ,  1988 ) .  P haeome l an i n 
produc i ng me l an ocy t e s  o f  adu l t  Avy / A vy m i ce a re re f rac t o ry t o  M S H  and 
con t i nue t o  syn t he s i z e  phaeome l a n i n  < Bu rch i l l  e t  a l . , 1 986 ) - A s  
Burch i l l  and T h o d y  ( 1 986 ) sugge s t , t he i nab i l i t y  o f  M SH to e l ic i t  t h e  
eume l an ogenes i s  respons e  may be due t o  re f ra c t o r y  MSH recept o r s  
< numbe r ,  respon s i vene ss , a n d  act i v i ty )  and / o r  prob l em s  i n  t h e  
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cytop l a sm i c  cy c l i c  A M P  mechan i sm .  F u l l e r  e t  a l . ( 1 987 ) s t ate tha t 
" . . .  i n  add i t ion to st i m u l a t i ng tyros i na s e  s y n t he s i s , M S H  may a l so 
p romote a n  i nc rease i n  t he cata l y t i c  e f f i c i en c y  o f  the e n z y me . " Th i s  
ac t i vat i on cou l d  b e  o f  a popu l a t ion o f  a l ready ex i s t i n g  t y ros i nases 
wh i ch a re ca t a l y t i ca l l y  inact i ve .  The ho rmone may ac t to : ( 1 ) promote 
t h e  synthe s i s  of a t y ros i nase act i va tor p ro t e i n  or ( 2 )  t o  i n act i va t e  a 
t y ros i nase i nh i b i to r . The a c t i va t o r  m o l ec u l e  p roduced cou l d  ac t 
d i rect l y  on a n  i nac t i ve popu l a t i on o f  t yros i n a se o r  cou l d  ac t a t  the 
l ev e l  o f  en zyme process i n g  such a s  g l yc o sy l a t i o n , i n t race l l u l a r  
t ranspo r t , o r  i n s e r t i o n  i n t o  t h e  memb rane m a t r i x o f  t he me l anosome 
< F u l l er e t  a l . , 1 987 ) . Tyros i nase act i v i ty m a y  be con t co l l ed by 
ac t iv a t i on o f  p reex i s t i ng enzyme , poss i b l y  by t h e  se l ec t i ve remov a l  o f  
t y ros i nase i nh ib i tors ( Wong a n d  Pawe l ek , 1 975 ) . T y ro s i na se ha l f - l i fe 
i s  3 . 5  h and i s  una f fec ted by M S H  < B u rch i l l  e t  a l . ,  1 988 ) . Tyros i na se 
act i v i ty wh i c h  occurs du r i ng t h e  ha i r  cyc l e  i nv o l v e s  changes i n  bot h  
syn t he s i s  a n d  a c t i va t ion o f  t h e  e n z y m e  a n d  t h e  p redom i na n t  e f fect o f  
M S H  i s  o n  t h e  former o f  t h e s e  two p rocesses accord i ng to Bu rch i l l e t  
a l . ( 1 988 ) . Takeuch i ( 1 985 ) suggest s  t ha t  t h e  p roduc t s  f rom the 
a l l e l e s  at t h e · agou t i  l ocus cou l d  compete w i t h M S H  a t  t he recep t o r  
l eve l t he r � f o re i m pa i r i ng MSH respo n se . The re a re st i l l  so many 
q ue s t i o n s  unan swered in t h i s  i n t r i g u i n g  mechan i sm of me l a nogenes i s  
t h a t
· 
one can on l y  say , " Th e  research m u s t  g o  on " .  
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M ATER I A LS A N D  M E T H O D S  
M i ce u t i l i z ed i n  t h i s  s t udy we re i n b red s t ra i n s  o f  C578 L / 6J 
Ay / � ( l e tha l ye l l ow > and �� � ( non - agou t i b l ack ) f ro m  s t ock s  o f  The 
Jack son Labo ra t o ry in Bar H a r bo r , Ma i ne . They w e re ma i n ta i ned on an 
8 hou r d a r k ; 1 6  hou r l i ght cyc l e  a t  a p p rox i ma t e l y 75° F ,  housed i n  
a l um i nu m  cage s w i t h  a l um i n u m  t op s  a n d  wood ch i p s  f o r  bedd i ng . The 
bedd i ng was changed once a week w i th f re s h  wat e r  t w i ce week l y .  They 
we re a l l owed Wayne Roden t  B l ox and \va t e r  ad l i b i t um . 
To m a i n t a i n  t h e  co l on y , t r io m a t i ng s . w e re m a d e  con s i st i n g  o f  
a l a  fema l e s x Ay / � ma l es , beca u se t he a / a  fema l e s  a re a b l e  t o  ma i n ta i n  
produc t i on l onge r than Ay / � fema l es ( Gr a n h o l m  e t  a l . ,  1 986 ) . 
A l pha - MSH and E m bedd i ng P rocedu re s  
The dor sa l a rea o f  60 d a y  o l d  Ay /� a n d  �� � m ic e  were p l ucked . 
Fou r days post - p l uck , t h e  m i ce were i n J ec t e d  w i t h a 30 ga uge n eed l e  an 
amoun t o f  0 . 1 m l  of a 250 ug / m l  concen t ra t ion o f  M S H . The i n J ect i o n  
s i te w a s  t h e  p l u c k ed dorsa l a re a . Th i s  was rep e a t e d  e ve ry a f t e rnoon 
a t  4 p . m .  f o r  f i ve day s . On t he s ix t h  d ay , n i n e  days p o s t - p l uck , the 
m i ce were h a rvested a nd the s k i n s  we re re moved a n d  s l i ced i n t o  t h i n  
s t rand s and p l aced i n  Lynx ba ske t s . T h e  f i x a t i on , dehyd r a t i o n  and 
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i n f i l trat ion was carried out in  the Lynx t issue processor . F ixa t ion 
in  Karnovsky ' s  < Para forma ldehyde and Glu tara ldehyde ) was a l l owed for 2 
hrs . @ 4° C .  The samples were then r insed tw ice i n  0 . 2  M Phosphate 
Buf fer for 30 m in .  @ 23° C .  The t issue was then pos t  f i xed in  a 
1 %  buffered Osm i um Tet raox ide , f i xat ive for 2 h rs .  @ 23° C .  Th is  was 
fol l owed by a r ins ing in  Me l l on igs Buf fer  for 30 m in .  @ 23° C .  The 
samples were then sta i ned in t . S% U rany l Aceta te in Ve rona ! Ace ta te 
bu f fer at pH 5 . 0  for 1 h r . @ 23° C .  Th is was fo l l owed by dehydrat ion 
in a graded ser ies of ethano l and propy l ene ox ide . The in f i l tra t ion 
began w i th 2 hrs . in  2 parts propy lene ox ide : 1 part epoxy res in  and 
fol l owed by an overn ight inf i l trat i on of 1 pa r t  propy l ene 2 pa r t s  
epoxy res in . The  nex t  day the sk in  st rands were placed i n  b l ock 
p l ates conta i n i ng the epoxy res i n  w i th  a no te i den t i fy i ng b l ack from 
yel low . The b l ock p l a tes were p l aced in  the oven overn ight  a t  60° C .  
The notes embedded w i th  t issues were labe l ed as fo l l ows : 
n t87y . . . . n 
n 1 87b � . . .  n 
n = November 
1 = 1 st embedment i n  November 
87= the year , 1 987 
y or b for genotypes ye l lok or black 
1 . . . . n = number o f  samp l es , 1 ,  2 ,  3 ,  . . . . n 
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P l as t i c  b l ocks we re sec t i oned on an LKB M a r k  2 H uxl ey 
u l t ram i c ro t ome t y pe 5227 1 . The sect i oned wer� plac ed on 200 l i n e  
gr ids . T h e  sec t i on� were t hen s t a i ned w i t h l ead c i t ra t e  and u rany l 
ace t a t e . 
Afte r s ta in i ng , the sec t i on s  we re exam i ne d  o n  a H i tach i H U 
1 2A t ransm i ss i on e l ec t ron m i c roscope a t  75 kv . 
Aft e r  eve ry E M  sess i on a p i ct u re o f  a ca l ib r a t i o n gr i d  < Pe l c o  
Gr at in g  Rep l i c a  Ca t .  No . 607 ) w as taken t o  corre� t f o r  t he t rue 
magn i f i cat i o n . 
Me asu remen ts 
The fo l l ow i ng me l anosoma l  parame t e rs we re measured : l en gt h , 
w i d t h , ves i cu l ogl obu l a r  C VG >  body coun t , and m a t r i x  o rgan i z a t i on . 
Lengt h  was e s t a b l i s hed by t ak i ng the l o n ge s t d i mens i o n  o f  the 
me l anosome a s  l en g t h . W i d t h  was e s t ab l i shed by measu r ing the 
d i mens i on o f  the me l ano some perpend i c u l a r t o h a l f  t he l ength ( see 
D i a g ram 1 ) .  
D i ag ra� 1 .  · Me l anosoma l pa rame t e rs l en g t h  and w i d t h . 
o = ha l f  l en g t h . 
28 
The l en gt h s  and w id t h s  we re measu red i n  mm f ro m  t he photographs and 
conver t ed t o  n m . b y  t he fo l l ow ing me thod : e l ec t ron m icroscop i c  
nega t i ves were t aken a t  an en l a rgemen t f ac t o r  o f  1 0 , 0 : : . A f t e r  
co rrec t i o n  o f  t h i s  en l argemen t fac t o r  ( ca l i b ra t i o n  g r i d ) , the t rue 
en l argemen t was then u sed for der i v i n g  t he actua l s i z e  · o f  the 
mel anosome . An6t h e r  en l a rg�men t fac t o r  was i nc o rpo rated when t h e  
neg at ives w e re conver t ed t o  pos i t i ve s . The en l a rg e�en t facto r in 
th i s  c a se w a s  ca l cu l a t ed by measur i ng a d i s t ance be t ween two po i n t s  on 
the pos i t i ve i m a g e  and d i v id i n g  t h i s  by us i n g  the m e a s u red d i stance 
be tween t he sam e  two p o i n t s  of the negat i v e  i mage . Th i s  e n l argemen t 
fac t o r  w as t hen m u l t i p l i ed by t he e l ectron m ic ro sco p i c  e n l a rg emen t 
fact o r  t o  e s t ab l i sh t he f ina l and usea b l e  en l a rgemen t facto r .  The 
measuremen t s  o f  l en gth and w i d t h  i n  mm were then d i v i ded by t h i s  
f i n a l  en l arg eme n t  fac t o r  t o  de r ive t he a c t ua l l en g t h  and w i d t h  o f  t h e  
ffie l anosome . F o r  examp l e , con v e r t ed E�  en l a rgemen t fac t o r  ( ca l i b ra t i on 
gr id ) i s  1 0 , 500 . Pho tograph i c  e n l a rgeme n t fac t o r  is 2 . 75 .  F ina l 
en l ar gemen t facto r  i s  1 0 , 500 x 2 . 75 = 28 , 875 . Pho t o g raph i c  l ength and 
w i d t h  measuremen t a re 15 mm and 12 mm , respec t i ve l y . The t ru e  l en g t h  
and w id t h  a r e  1 5 / 28 , 875 = 5 . 1 9  x 1 0 - 4 a n d  1 2 / 28 , 87 5  = 4 . 1 5  x 1 0 - 4 mm . 
These va l u e s  we r e  then converted to nm by m u l t i p l y i n g  by 1 0' to d e r i ve 
a t  t h e  f i n a l v a l ue s , 5 1 9 nm for l en g t h  a n d  4 1 5  nm fo r w i d t h . 
The .VG body coun t had b u t  on� cr i te r i o n  - t he VG body had t o  
b e  i n � i de t h e  me l anosome l im i t i n g  m e � b r a n e  t o  be cou n t ed . S t age IV 
me l anosomes were · n o t  inc l uded in th i s  cou n t bec a u s e  t he VG bod i e s  , i f  
the re were a n y , we re no t v i s i b l e . 
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The VG scor i ng s y ste m · was as f o llows : a sco re o f  1 when no VG . bod i es 
were present , a score o f  2 whe n  1 - 3 VG 
score o f  3 when m o re than 3 
The l en gth to w i d th rat i o  was 
bod i e s  were p resen t ,  and · a 
VG bod i es we re p resent . 
de r i ved at by d i v i d ing t he 
l e n gth .by w i dt h , wh i l e  t he a rea pa ramete r was de r i ved a t  b y  u s i n g  
t h e  formul a  1(r2 whe re r = l e.ng th / 2 + w id t h / 2 .  
The ma t r i x organ i za t ion scor ing system was a s  fo l l ows : a 
sco re o f  1 whe n  no m a t r i x f ibe r s  we re p re sent, a sc o re of 2 when t h e  
f i be rs p rese nt w e r e  unorgan i z ed , a sc ore of  3 w h e n  unorgan i zed and 
organ i zed f i be r s  were p r esen t , and a score o f  4 for o rgan i z ed 
f i be rs . O rgan iz ed f i be rs were e i the r pa ra l l e l  i n  a stra i gh t l i n e  
or c i rcu l a r  fash i on ( se e  D i ag ram 2 1 . U no rgan i zed f i b e r s  e x p r e ssed 
D iagram 2 .  O rgan i zed ma t r i x  f i be rs . 
no degree o f  p a ra l l e l i sm but we re p l aced random l y .  M e l a n ized f i bers  
we r� al so scored beca u se t hey wou l d  s t i l l re f l ect t h e  degree o f  
f i or i l l a r organ i za t i on , a l t hough t he f i be rs t hem s e l v e s  we re no t 
v i s i b l e . S tage I V  mel anosomes we re n o t  i nc l uded becau s e  t he se 
m e l anosome s  we re · f ul l y me l an i zed and there fore d i d not re f l ec t  a ny 
mat r ix o rgan i z a tion pa t t erns needed for scor i n g . 
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S tag i ng C r i te r i a  
The sta g i n g  c r i t e r i a  used i n  t h i s  s t u d y  we r e  mod i f i ed f ro m  
J i m bow and Takeuch i ( 1 979 ' - F i gure 7 shows t h e  m atu r a t i on p rocess 
of the m e l anosome . Bo t h  eu - and phaeom e l anosome s  a re s i m i l a r  i n  
stage r but the n  d i f fe rent i a t e  i nto sepa ra t e  path�ays . The mod i f i ed 
sta g i n g  c r i t er i a  used i n  th i s  s t udy a r e  l i s t ed be l ow < s e e  L i s t i ng 
1 ) . 
' , - - ,6-�-
, ' 
0 0 1 
0 v 0 00 .. .. 
o o P M  
F i g u re 7 .  Schem a t i c  outl i ne o f  me l a n o some forma t ion i n  
e u �  and p haeome l anogene s i s . EM , eume l an d some ; · 
E R , endop l a sm i c re t i c u l um ; G ,  Go l g i  com p l e x ; 
PM , phaeome l anosme C J i m bo� and Takeuch i ,  1 979 ) . 
The desc r i pt i on s i n  L i st i ng 1 w i l l  no t fo l l ow t he 
p r e senta t ion of me l anosome o n t ogeny show n i n  F i g u r e  7. F i gure 7 
r e p r esents t h e  m e l anosome o n togeny w i t h ou t  M S H  i n t eract i on . Bec 2 u se 
ou r Ay / �  phaeom e l anosomes w e re t rea ted w i t h M S H , d e v i at i ons f rom t h e  
J i mbow a n d  Takeuch i ( 1 979 ) desc r ip t ion s  we re a n t i c i pa t ed . T h e  
mod if i cat i on s  m a d e  a re l i s t ed i n  L i st ing 1 a n d  c a n  b e  com pared w i t h 
3 1  
the descript ions  of  J imbow and Takeuch i ( 1 979 > p resented in  the 
L i terature Rev iew sect ion . 
Stage 
I 
Earl iest stage 
o f . deve l_opment 
I I 
Assembl y  o f  
inner structure 
I I I  
Mel an izat ion 
of  inner 
structure 
I V  
Latest · stage 
o f  deve lopment  
Phaeomelanosome 
spher ica l vacuo l e  
conta in ing amorphous , 
p rote inaceous 
mater ials  and a few 
ves icu l ar g l obu l ar 
bod ies 
spher ica l o r  � l l ipso id  
granu le  w i th e i ther an 
o rgan ized mat r i x  or  
part ial l y  organ i zed 
mat r i x .  I f  no degree 
of organ izat ion i s  
observed , the granul e  
conta ins ves icu la 
g l obu lar bod ies wh i ch 
occupy an area ins ide 
t he granul e  wh ich is 
greater  than 50% 
see stage I I  + 
me l an izat ion 
sphe r ica l or  e l l ipso i d  
g ranul e  w i th e lec t ron 
dense amorphous mat r i x  
Eumel anosome 
sphe r ica l  vacuo l e  
con ta i n i ng amorhpous , 
prote inaceous 
mater i a l s  and a few 
ves icu l ar g l obu lar  
bod i es 
sphe r ica l  gran u l e  
assemb led w i th 
organ i z ed l ame l l ae 
v es icu l a  g l obu l a r  
bod ies 
see s t age I I  + 
me l an i za t ion 
e l l i pso id gran u l e  
w i th e l c t ron dense 
dense amorphous ma t r i x  
L ist ing 1 .  Stages o f  morphogenesis  i n  phaeo - and eume l anosomes 
( J imbow and Takeuch i ,  1 979 , mod i f ied ) . 
To d ist inqu i sh between stages I and I I  o f  the 
phaeome l anosoma l on togeny , a see - th rough l i ne mat r i x was used ( see 
D i agram 3 ) . The me l anosome in  quest ion wa s ove r l ayed w i th the l i ne 
ma t r i x  and the l ines 1 ns ide the me l anosome count ed . L tnes i n  
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_, ',' " '" ' � '  , ' , ' , ' , ' _,',' _,'./.�/�� '_, ', '_. ' ; '.., '; ', '� ..... ��_:L'..t2L_'_.d 
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D i a gram 3 .  L i ne m a t r ix used i n  sta g i ng m e l anosome s . 
con t ac t  w i th e i t her VG bod i es and / o r  ma t r i x f i be r s  were a l so counted . 
The number o f  l ines t ouch i n g  V G  bod i e s  and / or m a tr i x  f i be r s  was 
d i v i ded by the numbe r  o f  l ines i n s i d e  t h e  me l an o so m e  and m u l tp l i e d  
by tOO . F o r  exam p l e , 1 5  l ines w i th in me l anos ome , 9 l i nes t ouch i ng 
VG bod ies and / or m a t r i x  f ibers . S i nce t he cut o f f  l i n e  for stage I I 
me l anosomes i s  grea t e r  t h en 50% , th i s  me l a nosome w ou l d  be staged as 
a ,  ( 9 / t S J x tOO = 60% , stage II me l an osome . 
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RESULTS 
Qua l i ta t i ve E l ec t ron M i croscopy o f  Me l ano somes 
The derma l pa p i l l a  of the ha i r  fol l i c l e  is surrounded by t � o  
bas i c  ce l l  t ypes , name l y  kera t i nocy t es a n d  m e l anocy tes . An 
ace l l u l a� l ayer termed the basemen t memb rane ( or b a sa l l am ina ) i s  
l oca ted between t h e  basa l port i on o f  the me l anocy t es / ke r a t inocytes 
and the dermal p ap i l l a ( see P l at e  1 1 .  In o rder t o  o b t a i n  e l ec t ron 
m icrographs of p i gmen t cel l s , sec t i ons t h rough t he d e rm a l  pap i l l a o f  
ha i r  fo l l i c l es were made . 
L�tha l yeJ l ow C Ay / a )  MSH t rea ted me l anosomes 
Me l anosomes of the l et ha l y e l l ow M S H  t reated 
mel anocytes showed var i ous dev i a t ions from the non- agout i b l ac k  
( a / a l  MSH t re a ted m e l anosomes wi t h  re spec t to m a t r i x o rg an i z a t i o n , 
ma t r i x  cond i t i on ,  and me l an i z a t i on pa t te r n . 
Mat r i x  o rg an i za t i on as seen i n  a S tage I I  eume l anosome 
t re a t ed w i th MSH ( see P l a t e  2A > was no t encoun t e red w i th i n  a S tage 
I I  phaeo m e l anosome t reated w i th MSH . M a t r ix f ibe r s  w i t h in t hese 
phaeome l anosom e s  appeared t o  be � t h read - l ike � at t imes ( see P l ate 78 , 
C ,  and D > . T.h i s  " t h read - l i ke "  appea rance has n o t  been obse rved 
w i th i n  eum e l anosomes . 
Me l an i za t ion pa t t e rns a l so d i f fered b e tween MSH t rea t ed eu -
and phaeome l anosornes . P l at e s  3C , 0 ,  and E i l l us t r a t e  o rgan i z ed 
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P late . 1 .  
Cross - sect ion  o f  a l etha l ye l low ( �/�) ha irbu l b  treated 
w i th MSH . Note  mel anocytes l in ing the dermal  pap i l l a . · The basal 
l am ina separat es the me lanocytes f rom the derma l pap i l l a ( see arrow ) . 
Areas o f  eumel anot i c  ( uppe r r igth center ) and phaeome l anot i c  
( bottom center ) mel anosomes can be observed . Magn i f i cat ion = 7300 . 
Magn i f i cat ion bar represents 3 . 5  m icrons . 
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P l ate  2 .  
A .  Sec t ion th rough the Gol g i  zone o f  an MSH - t rea ted non - agout i b l ack 
( a / a )  �e l anocyte . Note mel anosomes in var i ous stages o f  
d i f feren t i a t ion i nc lud ing Stage I I  C left  cente r ) , Stage I II C l ower 
and top l e ft ) , and Stage IV < top center ) ,  numerous coa ted ves ic les 
( arrows ) .  O rdered long i tud inal  mat r i x  f ibers are apparen t w i th in 
the e l l ipt ical  S tage II me lanosome . Coated ves i c l es measure 
80 - 1 00 nm . The coated ves icl e  coat component s  measure 1 1 - 1 8 nm . 
Magn i f i ca t ion = 55 , 000 . Magn i f ica t i on bar represen ts 0 . 5  m icrons . 
B .  Sec t ion t hrough the Go l g i  zone of  an MSH - t reated letha l ye l low 
( �/ !) me l anocy t e .  S tage II me lanosomes con ta in unordered 
f ibr i l l a r  components ( bot tom left  cen ter and bo t tom r igth ) .  Smal l 
centers o f  mel an i zat ion are apparent w i t h in the S tage III 
melanosomes < top left ) and measure 1 0 - 32 nm . Magn i f ica t ion = 
3 1 , "000 . Magn i f icat ion bar l"epresen ts 0 . 5  m icrons . 
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P late 3 .  ���· MSH 
A .  �osa ic  S tage I I I  me l anosomes o f  �SH - treated Ay / � m ice conta i n ing 
both  orde red mat r ix f ibers and ves icu l og l obu l ar - l ike bod ies 
( arrows > .  The ves icul oglobu l ar - l ike bod ies l ine up i n  an order l y  
fash ion o n  or  along the mat r ix f i bers and measure 38 - 40 nm . 
Magn i f icat ion = 55 , 000 . Magn i f icat ion bar represents  0 . 5  m icrons . 
B .  Mosa i c  S tage I I I  me lanosomes o f  MSH - treated �� � m ice con ta in ing 
both  ordered mat r ix f ibers ( arrows ) and ves i cu l oglobu lar - l ike 
bod ies C VG > . The ves i cu l og l obu l ar - l ike  bod ies measure 35-45 nm . 
Sma l l er componen ts , 7 - 1 8  nm in  s ize are a l so p rese n t  w i t h in  th i s  
me lanosome . Me l an i zat ion appears t o  occur v ia both th icken ing 
of  mel ano f i lamen t s  as we l l  as c l ass i c  �- induced coal escence o f  
ves i cu logl obu l ar - l ike bod ies . Magn i f icat ion = 56 , 000 . 
Magn i f icat ion bar represents  0 . 5  m icrons . 
C .  �osa i c  mel anosomes conta i n ing ordered mat r ices . The VG body 
component is not apparent .  Mel an izat ion appears to occur both 
on or  a l ong the mat r i x  f i bers  and i n  per i pheral a reas whe re no 
mat r ix organ i zat ion is apparent < arrow ) . The sma l l e r  Qe lan izab le  
components  measure 1 2 - 2 1  nm . Magn i f icat ion = 48 , 000 . 
Magn i f icat ion bar represents 0 . 5  m icrons . 
D .  Mosa ic me l anosomes . Ordered matr i x  C top center > apparent . 
M�l an izat ion occurr i ng on or a l ong the mat r ix f i bers arid in  
per i pheral areas . Magn i f icat ion = 42 , 000 . Magn i f ica t ion bar 
represent s  0 . 5  m icrons . 
E .  �osa i c  me l anosome . Ordered matr ix  < top l e ft ) apparen t . 
�elan izat ion occur ing on or  a long the matr ix f ibers and in 
per ipheral · a reas . Magn i f icat ion = 42 , 000 . Magn i f ica t ion bar 
represent s  0 . 5  m icrons . 
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P late 4 .  a / a - MSH 
4 0  
A .  A l l  me l anosomal  stages o f  development o f  MSH - t reated � / a  m ice are 
represented i n  t h i s  pl ate . The Stage I m e l anosome reveal s  
ves icu l og l obu l ar - l ike bod ies measur ing 35 - 70 nm . , sma l l er 
spher ica l components  measur ing 1 1 - 1 5 nm  C b l ack arrow ) , and 
par t i a l l y  in tact coated ves ic les ( wh i te a rrows ) .  The Stage II 
mel anosome shows the forma t ion o f  a ma t r i x  and the d i sappearance 
of t he ves icu l og l obular - l ike body component a l though , sma l l 
spher ical component s  pers ist . Magn i f icat ion = 55 , 000 . 
Magn i f icat ion bar represents  0 . 5  m icrons . 
B .  Consecut ive sec t ion through the same area as seen i n  p l a te 4 A . 
Magn i f icat ion = 48 , 500 . magn i f icat ion bar represen t s  0 . 5  m icrons . 
C .  P l ates 4A , B ,  and C are consecut ive sect ions t h rough the same 
area of t he mel anocyte . Th i �  p l ate reveal s  t he ex i stence o f  
rnelanosoma l connect ions C arrow ) . _ Magn i f ica t ion = 58 , 500 . 
Magn i f icat ion bar represen ts 0 . 5  m icrons . 
4 1  
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Pl ate S. a / a - MSH 
A.  Sec t ion through t he Go l g i  zone . Coated ves icles ( arrows > show a 
doubl e  membrane w it h  an outer coat contain ing sphe r i ca l  component s  
( coat componen ts ) . The coated ves icl es , membrane - to - membrane , 
measure 85 - 1 20 nm . The coat componen ts measure 1 4 - 24 nrn . 
Magn i f i ca t ion = 42 , 000 . Magn i f icat ion bar represent s  0 . 5  m icrons . 
B .  Th i s  m icrograph shows a coa ted ves ic l e  enter i ng a Stage I 
mel anosome ( arrow ) . Coa t  component s  measure 1 1 - 15 nm . Another  
coated ves i c l e  i s  w ith i n  cl ose prox i m i ty  of  a Stage II 
mel anosome . The coat component s  on t h i s  coated ves i c l e  measu re 
1 1 - 18 nm . The coated ves icle  measures 1 20 nm . M agn i f icat ion = 
55 , 300 . Magn i f icat ion bar represent s  0 . 5  m icrons . 
C .  A Stage I me l anosome conta in ing and intact coated ves i c l e  
( r igth  �rrow ) . Coated ves icle  -w i th in c lose· prox i m i ty o f  t h e  
Stage I mel anosomes ( l eft arrow ) . Stage I I  mel anosome ( top 
center ) shows the format ion o f  t he f ibr i l lar matr i x  wh i ch conta ins  
sma l l sphe ri ca l  components . l ike the  ones seen on the  outs ide o f  
the coa ted ves icl es membranes . Al l spherica l  componen t s  measure 
8 - 1 7  nm . Magn i f i ca t ion = 48 , 500 . Magn i f icat ion bar represent s  
0 . 5  m icrons . 
D .  A S tage I mel anosome con ta i n ing an intact coa ted ves icle  
< arrow > . · The coat components  measure 12  nm . Magn i f ica t ion 
50 , 400 . Magn i f icat ion bar represent s  0 . 5  m ic rons . 
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P l ate 6 .  a / a - MSH 
A .  Sect ion through the Go l g i  zone . A Stage I I  me l anosome ( arrow ) 
mat r ix · in  �h ich ind i v idua l f ibers have a " pearl neck l ace " 
appearance . These • pear l s "  measure 9 - 1 4  nm . Magn i f ica t ion = 
44 , 000 . Magn i f icat ion bar represents  o . 5  m icrons . 
B .  Sect ion through the Go l g i  zone . A S tage . I I  melanosome d i splays  
a matr i x  in  which ind iv idua l f i bers have a " pear l  neck lace " 
appearance ( arrow > . The ind iv idual H pearl s "  measure 9 - 2 1  nm . 
S im i l ar sm� l l spher ica l components ( • pear l s "  or coat components > 
are present  w i t h in t he Stage I I I  me l anosome measur ing 1 1 - 1 9 nm . 
Magn i f icat ion · = 53 , 000 . Magn i f icat ion bar represen ts  0 . 5  m ic rons .  
C .  Sect ion through t he Go l g i  zone . Arrows ind ica t e  sma l l spher ica l 
components  w i t h in the two Stage I I I  me lanossomes .  These componen ts 
measure 1 2 - 20 nm . Magn i f icat ion  = 50 , 000 . Magn i f ica t ion bar 
represen ts 0 . 5  m icrons . 
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P l ate 7 .  �� �-MSH 
A .  Two S tage II I _ me l anosomes conta i n ing  both f ibr i l l a r  mater ia l  as 
we l l  as sma l l spher i ca l  components . Me�an i zat ion  occurs on l y  
around these sma l l spher ical components ( 1 2 -30 nm . )  and n o t  on  the 
f ibr i l l ar mater i a l  ( arrow > . The coat component s  presen t on the  
coated ves i c l es ( l e ft center ) measure 1 2 - 24 nm . Magn i f i cat i on = 
4 1 , 000 . Magn i f ica t ion bar represen ts  0 . 5  m icrons . 
B .  Melan izat ion occurs onl y  a round sma l l spher i ca l  component s  
( left - arrow > measu r i ng 1 3 - 22 nm . Thread- l ike f iber s  are present . 
These f ibe rs do not conta i n  . sma l l spher ica l  components  ( r igth 
arrow > .  Magn i f i ca t ion � 45 , 300 . Magn i f icat ion  bar represents  
0 . 5  m ic rons . 
C .  See pl ate  70 . Magn i f icat i on = 39 , 700 . 
represents  0 . 5  m icrons . 
Magn i f ica t i on bar 
D .  Three Stage I I I  me lanosomes ( l e f t  cen ter , center , r igt h center ) 
w i th apparent t h read - l ike f ib r i l l ar mater ial  and sma l l  spherica l  
components  wh ich measure 1 1 - 2 1  nm . Me l an i za t ion occurs on l y  
around the sma l l spherica l  componen ts and not the  f ibr i l l ar  
materi a l  ( arrows > .  Magn i f ica t ion = 53 , 800 . magn i f icat ion bar  
represents o .-5 m icrons . 
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P l ate 8 .  a / a - MSH 
A .  Sect ion through the Gol g i  zone show ing a preme l anosorne budd i ng 
o f f  o f  the SER ( ar row ) . Magn i f i ca t ion = 50 , 000 . M agn i f icat ion bar 
represents 0 . 5  m icrons . 
B .  Cross - str iat ions are apparent i n  the Stage I I  melanosome ( center ) .  
Period ic i ty i s  1 1 0 nm . Bot h  S tage I I I  mel anosomes revea l 
mel an i za t ion occurr ing around sma l l spher ical  componen t s  
measur i ng 1 1 - 2 1  nm . Magn i f ica t ion = 53 , 600 . Magn i f icat ion bar 
represents  0 . 5  m icrons . 
C .  Th i s  pl ate shows a ves icu logl obu l ar - l i ke body en ter ing or 
leav i ng the Stage I I I  me l anosome . Magn i f icat ion = 44 , 400 . 
Magin i f icat ion bar represents 0 . 5  m icrons . 
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P l a Le 9 .  a / a - MSH 
Th i s  · p l a t� shows mat r ix con f igurat ions cut at d i f feren t 
ang l es . From these p l ates a th ree d imens iona l mat r ix has been 
constructed ( see 3 - 0  Ma t r i x ) .  A l l  magn i f ica t i on bars represen t 0 . 5  
m icrons . 
A .  Magn i f icat ion = 55 , 000 . 
B .  Magn i f icat ion = 38 , 000 . 
c .  Magn i f iact ion = 37 , 500 . 
D .  Magn i f icat ion = 40 , 000 . 
E .  Magn i f icat.ion = 60 , 000 . 
F .  Magn i f ica t ion = 50 , 000 . 
5 1  
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m a t r ices be i ng m e l an i zed i n  add i t i o n  to random b u t d i sc ree t a r e a s  
wh i ch a r e  l oc a ted pe r i phe ra l l y  w i t h in the me l a n o s o m e . M.e l anoso m e s  
d i sp l ay i ng bot h  e u - a n d  phaeome J �no t i c characte r i s t i c s  are a l so 
known as mosa i c  m e l anosome s . 
Mosa i c  me l anosomes ( P l a t e  7A - D J i n  t h i s  s tu d y  showed 
me l an i z ab l e  com ponen t s  sma l l e r  t han the 40 n m  v e s i cu l og l o bu l a r - l i ke 
bod i e s  ( J i m bo w  e t  a l . , 1 979 ) . P l a t e 7A - D  show tha t  t h e se sma l l e r 
componen t s  some t i me s  l i ned t he m a t r ix f ibe rs and a t  o t he r  t i m e s  
formed cong l om e ra t i on s  app rox i ma t e l y  40 nm i n  s i z e . The same sma l l  
compon e n t s  w e r e  a l so obse rved w i t h i n t h e  MSH t rea t ed e u m e l anoso m e s  
( se e  P l a t e  6 A - C ) . A l t hough , w i t h i n the eum e l an o s o m e s  t he y  u s ua l l y 
l in ed the ma t r ix f ib e r s  and d i d  n o t  fo rm 40 n m  v e s i cu l og l obu l a r - l i k e  
bod i e s  ( se e  Mosa i c  M e l anosomes ) .  
Non - agou t i  b l ack C a / a )  MSH t rea t e d  me l anosomes 
M S H  t re a t ed e u m e l anosomes appea red to be much l i k e  t h e  
eume l anosmes desc r i bed i n  t h e  l i t e rature C J i mbow e t  a l . ,  1 979 > . The 
on l y  fea t u re wh i c h  had no t been d e sc r i bed t o  my know l edge was t h e  
ex i stence o f  me l anoso m a l connect i on s  C see P l a te 4C ) .  
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matr ices be ing me l an i zed in  add i t ion to random bu t d isc ree t areas 
wh ich are located pe r i pheral l y  � i th in the me l anosome . Me l anosomes 
d i splay ing bot h  eu - and phaeomP l �no t i c  character i s t ics are a l so 
known as mosa ic  mel anosomes . 
Mos.a i c  me lanosomes ( P l a te  7A - D  > in th is  study sho�ed 
me lan izab l e  componen t s  sma l ler than the 40 nm ves icu l og l obu l a r - l ike 
bod ies ( J imbow et  a l . ,  1 979 ) . P la te 7A - D  show tha t these sma l l e r  
components somet imes l i ned the mat r ix f ibers and a t  o ther  t imes 
formed congl omerat ions approx i mate l y  40 nm in s i ze . The same sma l l  
component s  were a l so obse rved w i th i n the MSH t rea ted eumel anosomes 
( see Plate 6A - C ) . A l though , w i t h in the eume l anosomes they usua l l y  
l ined the ma t r ix f ibe rs and d id no t farm 40 nm ves icu l og l obu l ar - l ike 
bod ies ( see Mosa ic  Me l anosomes ) .  
Non - agout i b l ack ( a / a )  MSH t rea ted me l anosomes 
MSH treated eumel anosomes appeared to be much l i ke the 
eume lanosmes descr ibed in  the l i terature ( J imbow e t  a l . ,  1 97 9 > . The 
on ly  fea ture wh ich had not been desc r i bed to m y  know ledge �as the 
ex istence of me lanosoma l connec t i ons C see P l a te 4C ) .  
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Quant i ta t ive E l ectron M icroscopy o f  �e l anosomes 
Fol l ow in g  transm iss i on e lectron m icroscopy , 3678 me lanosomes . 
from four on togen ic s tages ( mod i f i ed from J irnbow and 
of two genotypes t rea ted w i th MSH were scored for 
ma t r i x  cond i t ion , and ves icu l og l obu lar body quant i ty .  
are abbrev ia ted a s  fo l lows : a / a  ( b l ack = B > ; �� � 
Compos i te resu l t s  
Takeuch i ,  1 979 ) 
l en g t h , w idth , 
The genot ypes 
( ye l l ow = Y ) . 
Overal l genotype compa r i son w i thout  s t age d i f feren t a t ion , to  
rule  out stag ing  subj ec t iv i ty ,  was  performed to  de term i ne if  l en g t h , 
w idth , rat io o f  length to w id t h , area , ma t r i x  cond i t i on , and VG body 
count were s ign i f ican t l y  d i f fe ren t .  The resu l ts  showed that leng th , 
w idth , ra t io o f  l ength  to w id t h , area , mat r ix cond i t i on , and VG body 
count were a l l s ign i f ican t l y  d i f fe ren t ( see Tab l es 3 ,  4 ,  and 5 and 
F ig . 8 and 9 ) . 
Comparison o f  da ta  inc l �d i ng stages 
Lengt h 
B mel anosomes we re s i gn i f i can t l y  l onger in  a l l  deve l opme n t a l 
stages excep t  for s t age I I I  ( Tab l e 6 ) . A s i gn i f ican t d i f fe rences was 
not encoun t ered when 8 st age I I I  me l anosomes were compa red w i t h Y 
stage I I I  me l anosomes .  Leng t h s  o f  deve l opmen t a l  me l anoso m a l stages 
were compared w i th i n  each geno type , no s i gn i f i can t d i f fe rences were 
Tab l e  3 .  
Parame t e r s  
mea su red 
E f fect ' o f  
ra t i o , and 
ce l rs o f  
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the l e tha l ye l l o w  a l l e l e  on ten g t h , w i d t h , 
a rea o f  m e � anosomes � i t h i n  h a i rbu l b  p i gm en t  
two d i f feren t genotypes a f t e r  MSH t rea t men t . 
Geno types 
a l a  A y / a  
Numbe r o f  me l anosomes measu red2 
Mean l ong d im ens i on C nm l  
1 837 
473 . 6  .. 
324 . ga 
1 84 1 
423 . 411 
3 1 2 . 411 Mean shor t  d i m en s i on C n m )  
Ra t i o o f  l ong t o  short d i m ens i o n  1 .  5 2  .. 
55 . 3  .. 
1 .  4011 
46 . 411 Mean area3 ( nm2 x 1 04 > 
2 
En t r i e s  i n  Tab l e  3 are l east squares mean s  ove r a l l fou r  
C I ,  I I ,  I I I , a n d  I V >  me l a nosoma l deve l opmen t a l st ages . 
Means i n  the same row hav ing d i f fe ren t s u pe r sc r i p t s  are 
s i gn i f i can t l y  d i f fe ren t C P < 0 . 0 1 ) except fo r w i d t h  
C P < O . OS > . 
The se i nc l ude a l l me l anosomes measu red i n  each geno t y pe 
and thus con ta i n  a l l four deve l opmen t a l  st ages . 
The a rea was o b ta i ned by the form u l a 1r. r2 where r = 
C l ength + w i d t h ) / 2 .  
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Tab l e  4 .  Compo s i t e '  compa r i son o f  mat r i x  
w i th i n ha i rb u l b p i gm e n t  ce l l s o f  
t reated w i t h  M SH . 
cond i t i on o f  m e l anosomes 
two d i f fe ren t geno types 
Genotypez 
a l a  
Mat r ix cond i t i o n3 
1 2 4 
25 . 2 ( 1 78 } 1 4 . 3 ( 1 00 ) 4 . 9 ( 34 )  55 . 6 ( 3 90 ) 
45 . 9 ( 49 3 ) 9 .  3 ( 1 00 )  1 7 . 8 ( 1 92 )  27 . 0 ( 29 0 ) 
Te rm i nc l udes percen t age fo l l owed b y  f requenc i e s  i n  
parent hese s . E n t r i e s  i n c l ude the f i rs t  t h r ee 
deve l opmen t a l  s t ages ( I ,  I I ,  and I I I ) .  
P < 0 . 0 1 
M a t r i x  cond i t ions : 1 .  no ma t r i x f ibe rs p re s en t . 
2 .  unordered ma t r i x f i be rs p resen t .  
3 .  unorde red and o rde red ma t r i x 
f i be rs p r-esen t .  
4 .  o rde red mat r ix f i be rs p resen t .  
Tab l e  5 .  Compos i t e' compa r i son o f  V G  body coun t o f  m e l a noso mes 
w i t h i n  h a i rbu l b  p i gmen t ce l l s o f  two d i f fe re n t  gen o t ypes 
t rea ted w i th M SH . 
Genot ype2 VG body cou n t� 
a l a  
3 
1 2 3 
47 . 2 (  33 1 )  27 . 1 ( 1 90 )  25 . 7 ( 1 80 )  
44 . 0 ( 473 ) 1 4 . 1 ( 1 52 )  4 1 . 9 ( 450 ) 
Term i n c l �des pe rcen tage fo l l owed by f requ enc i e s  i n  
paren t he ses . E n t r i e s  i nc l ude the f i rs t  t h ree 
deve l opme n t a l  s t ages ( I ,  I I ,  . and I I I ) .  
P < 0 . 0 1  
. 
VG body coun t : 1 .  no VG bod i es p resen t .  
2 .  1 - 3 V G  bod i es presen t .  
3 .  m o re t han 3 VG bod i e s  presen t .  
F igure 8 .  E ffect o f  t he l e thal  ye l l ow a l l e l e C Ay l  on me l anosoma l 
ma tr i x  fo l l o� i ng M S H  t rea t men t 
1 0 0 
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F igure 9 .  E f fec t o f  the l e tha l ye l l ow al l e l e  C Ay )  on the number  o f  
40 n m  ves icu l og l obu l a r bod ies ( VG )  w i th i n me l anosomes 
fol l ow i ng MSH t rea tmen t 
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Tab le 6 .  � f fect ' o f  the l e t ha l  yel l ow 
mel anosomes w i th in ha i rbulbs of  
after t rea tment w i th MSH . 
a l l e l e  on the 
two d i fferen t  
l en g t h  o f  
genot ypes2 
Deve lopmenta l 3 Geno types 
stages of  
me l anosomes a l a Ay / a  
r �  
I I a 
I I I  
I Va 
Mean l engt h  + SEM C nm )  393 . 4  + 7 . 7  349 . 7  + 7 . 8  
n number4 239 1 7 1  
Mean l eng th  + SEM ( nm )  458 . 4 + 1 3 . 8  385 . 9  + 1 0 .  1 
n number 1 20 1 00 
Mean l ength + SEM C nm )  475 . 1 + 8 . 0  487 . 1 + 4 . 4 
n number 342 804 
Mean l en g t h  + SEM ( nm )  567 . 0  + 5 . 6  470 . 5  + 4 . 6  
n numbe r  1 1 36 766 
Length d imensions o f  mel anosomes we re measu red on e l ec t ron 
m icrographs and con verted to nanome ter s < nm ) . 
Each va l ue represen ts  leas t squares mean + S E M . 
� Sta
.
t i st i ca l compa r i so n s  were conducted C a / a  vs . �) . 
Deve l opmen t� ! s t ages hav i ng supe rsc r i p t s  are s i gn i f ican t l y  
d i f ferent C P < 0 . 0 1 ) C i . e .  P ) . 
Ass ignment of  i nd i v idual melanosomes t o  deve l opmen tal  
stages · I - I V  was ' based o n  stag i ng cr i ter i a  o f  J imbow and 
Takeuch i C 1 979 ) w i th mod i f icat ions ( see Mat e r i a l s  and 
Methods ) .  
Numbe r o f  observa t ions . 
F i gu re 1 0 .  E f fec t o f  t h e  l e t ha l ye l l ow a l l e l e  ( Ay )  on m e l an o s o m a l  
l eng t h  ( nm )  fo l l ow i ng MSH t rea t men t 
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found be t�een 8 s tage I I  and 8 s t age I I I  m e l anosomes . W i t h respect · to 
the Y geno t ype no s i gn i f i can t d i f ferences we re no ted be tween s t ages · I 
and r ·r and stages I I I and I V .  Wherove r a s ign i f i ca n t  d i f fe rence wa s 
encoun t e red , probab i l i ty was l ess than 0 . 0 1 . Th e i n c rease in l en g t h  
be tween deve l opmen t a l  s tages w i t h i n  each geno type w e re a s  fo l l ows : 
B me l anosomes I - I V ,  1 6 . 4% ,  4 . 0 % ,  1 6 . 3% ;  Y me l anoso m e s ,  9 . 4% ,  2 1 . 0% ,  
- 4 . 0% ( see F i g .  1 0  and Tab l e  6 > . 
W i dth 
B me l anosome s were s i gn i f ican t l y  w i de r in s t ages I ,  I I , and 
I V  < Tab l e  7 ) . No s i gn i f i can t d i f fe rence 
stage I I  and · Y stage I I  me l anosomes . Y 
w i de r tha n  8 s t age I I I  me l a no so mes . 
was e ncoun t e red b e tween B 
s t age I I I  m e l anosomes �ere 
Me l anosoma l w i d t hs o f  
deve l opmenta l st ages � e re compared w i t h i n  each gen o type , a l l B s ta g e s  
were s i gn i f i�an t l y  d i f fe ren t . No s i gn i f ican t d i f f e rences occ u r red 
be t�een Y stages I and I I .  P r o ba b i l i t i es we re l e ss than 0 . 0 1 e x c e p t  
f o r  t h e  compa r i son be t ween Y st ages I I I  and I V  where p robab i l i t y w a s  
l es s  t h a n  0 . 05 .  T h e  inc rease i n  w i d t h  be tween deve l opmen ta l s t ages 
. w i t h i n  each geno type wer e a s  fo l l ow s : B me l anosomes I - I V ,  - 1 4 . 2% ,  
2 1 . 1 % , 23 . 4% ;  Y me l anosomes 6 . 3% ,  34 . 4% ,  0% ( see F i g .  1 1  and Tab l e  7 ) . 
Ra t i o 
Ra t i o  o f  l en g t h  to w i d t h  compa r i sons p rov ide i n f o r ma t i on 
concern i ng the shape o f  the me l a n o somes . A l en g t h  to w id t h  ra t i o o f  
1 . 00 i nd i ca tes a sphe r i ca l  shape . . A ra t i o  gre a t e r  than 1 . 00 i nd i c a t es 
) 
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Tab le 7 .  E f fect ' 6 f  t he l e t h a l  y e l l ow a l l e l e  on t he w i d t h  o f  
me l anosomes w i t h i n ha i rb u l b s o f  two d i f fe rent geno t y pes2 
a f t e r  t reatme n t  w i th M SH . 
Deve l opmenta l Gen o types 
s tages o f  
me l anosomes a / a  A y / a  
I �  
I I 
f I I �  
r v· 
Mean w i d t h  + S E M  < nm >  297 . 6  + 6 . 3  254 . 0  + 6 . 0  
n num be r4 239 1 7 1 
Mean w i d t h  + S E M  ( nm )  255 . 4 + 6 . 1 270 . 1 + 6 . 8  
n · numbe r 1 20 1 00 
Mean w i d t h  + S E M  < nm )  323 . 8  + 5 . 5 362 . 9  + 3 . 9  
n number 342 804 
Mean w i d t h  + SEM ( nm )  422 . 6  + 3 . 7  362 . 5 + ·-l • 1 
n numbe r 1 1 36 766 
W id t h  d i me n s i o n s  of m e l anosomes we re measu red on 
e l ec t ron m i crographs and converted to n anome t e r s  C nm ) . 
Each v a l ue re p rese n t s  l ea s t squares mean + S E M . 
S ta t i s t i ca l . compa r i so n s  we re conduc ted ( a / a  vs . Ay / a ) .  
Deve l o pmen t a l  stages hav i ng supersc r i p t s  a re s i gn i f ican � l y  
d i f fe ren t ( P < 0 .  0 1 ) ( i . e .  I �  ) . 
Ass i gnmen t o f  i n d i v i d u a l m e l anosomes t o  deve l o pme n ta l 
s tages I - I V was based on stag i ng cr i te r ia o f  J i mbow and 
Takeuch i ( 1 979 } w i t h  mod i f i cat ions C see  Ma te r i a l s  and 
Met hods ) .  
N umber o f  observa t i on s . 
) 
F i gure 1 1 .  E f fec t of  the  l e t ha l  yel l ow al l e l e  C Ay )  on me l anosomal  
w idth  ( nm >  fo l l ow i ng M S H  t rea tmen t 
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a more e l l i p t i ca l p ro f i l e .  B me l anosomq l stages I and I V  sho�ed n o  
s i gn i f i can t d i f fe rence when compa red w i t h Y s t ages. I and I V  < Tab l e  
8 ) . B me l an o soma l s t ages I I  and T T T are s i gn i f i can t l y m o re 
el l i p t i c a l  than Y s tage s I I  and I I . I .  W i t h respec t to the compa r i so n  
w i th in each · gen o t;. ype the B me l anosome st age I I  proved m o s t  e l l i p t fca l 
in shape . Y me l anosom a l  s tages I I I  and I V  showed the o n l y  s i gn i f i can t 
d i f ference w i t h i n the geno t yp e  ( see F i g .  1 2  and Tab l e  8 ) . 
A rea 
B me l a n o somes were s i gn i f ican t l y  l a rge r at a l l s t ages 
excep t stage I I I .  No s i gn i f ican t d i f ference was encoun t e red between 8 
s t a ge I I  and · y s t age I I .  A reas o f  dev e l opme n t a l  s t ages we re com pared 
� i th i n each geno t ype , no s i gn i f 1 can t d i f f e rence wa s no ted between B 
s ta ges I and I I .  Y s t ages I and I I  and s t ages I I  and I V  were no t 
s ign i f ican t l y  d i f feren t .  Wheneve r a s i gn i f i can t d i � f e rence w a s  no ted , 
p robab i l i t y w a s  l es s  than 0 . 0 1 C se e  F i g .  1 3  and Ta b l e  9 ) . 
Mat r i x Cond i t ion 
Tab l e  10 revea l s  tha t B me l ano soma l s t ag e s  I I  and I I I  
compared w i th Y me l anosoma l st ages I I  and I I I  showed the greas t e s t  
d i f ferences . 8 me l an o soma l s t a g e  I I  h a d  a ma t hema t i ca l l y  h i ghe r 
f requency o f  o rde red ma t r ices than Y me l ano som a l  s t ag e  I I .  S i m i l a r 
resu l t s were no t ed w i t h respect t o  stage I I I .  Compa r i so n s  o f  ma t r i x  
cond i t i on w i t h i n each geno type i nd i ca t e  t ha t  maturat i on o f  t he ma t r i x 
( f ro m  uno rde r ed to o rde red m a t r i ces ) i n  B me l an o s o m e s  unde rgo a 
) 
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Tab l e  8 .  Len g t h - t o - � i d t h  ra t i o of me l anosomes w i t h i n ha i rbu l b s o f  
two d i f fe ren t geno type s ' trea ted w i t h  MSH . 
De ve l opmen t a l  Geno types 
st ages o f  
me l anosomes a l a  .A.y / a  
I 
I I a 
I I I a 
I V  
Mean ra t i o + SEM 1 . 35 + 0 . 02 1 . 42 + 0 . 03 -
n number2 239 1 7 1 
Mean r a t i o  + S E M  1 . 86 + 0 . 06 1 . 46 + 0 . 04 
n numbe r 1 20 1 00 
Mean rat i o  + S E M  1 . 52 + 0 . 03 1 . 40 + 0. . 0 1  
n numbe r 342 804 
Mean ra t i o + SEM 1 . 36 + 0 . 0 1  1 . 34 + 0 . 0 1  
n numbe r 1 1 36 766 
S ta t i s t i ca l compa r i sons we r e  conduct ed ( a / a  v s . �) .  
Deve l opmen ta l stages hav in g  supe r sc r i p t s are s i gn i f i can t l y  
d i f fe ren t < P < O . O t ) ( i . e .  I � ) .  
Each va l ue r e p resen t s  leas t squares mean + SE� . 
Number o f  obse rva t i o n s . 
3 · A s s i gn men t o f  ind i v idua l m e l ano some s to deve l opmen t a l  
s t ages I - I V was based o n  stag i ng c r i t e r i a  o f  J i m bo� and 
Takeuch i ( 1 979 ) w i t h m od i f ica t i on s  < see  Ma t er i a l s  and 
Me t hods J .  
) 
F igure 12. E f fe c t  o f  t he l e t h a l  ye l l ow a l l e l e  ( A y l  o n  m e l ano soma l 
l en g t h - t o - w i d th rat io  fo l l ow i ng � SH t rea tmen t 
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Tab l e  9 .  E f fect ' o f  the l e t ha l ye l l ow a l l e l e  on 
me l anosomes w i t h i n  ha i rb u l b  me l anocy t e s  o f  
geno t y pes2 t rea t ed � i th M S H . 
t h e  area o f  
t�o d i f f ere n t  
Deve l opmen t a l Genot yp e s  
s tages o f  
me l anosome s a l a  Ay / a  
I �  
I I 
I I I A 
I V  .. 
A rea + S E M  40 . 9  + 1 . 6 
n numbe r4 239 
A rea + SEM 42 . 7  + 2 . 0 
n numb e r  1 20 
A rea + SEM 54 . 1 + 1 . 6 
n numbe r 342 
A rea + SE�1 83 .. 6 + 1 . 4  
n n umbe r 1 1 36 
A re a  d i m e n s i ons of m e l anosomes 
l ong and sho r t  d i m ens i ons , in n m , 
m ic rogra p h s . The fo rm u l a  used for 
( l ength + � i d t h l / 2 .  The va l ues i n  
squ a r es means + S E M  i n  nm2 x 1 04 • 
30 . 8  + 1 .  4 
1 7 1  
35 . 6  + 1 .  7 
1 00 
60 . 6  + 1 . 1 
804 
58 . 5  + 1 .  2 
766 
w e re d e r i ved from t he . 
measu red on e l ec t ron 
a rea T. r2 w h e re r = 
the t ab l e a re l ea s t  
S t a t i s t ica l compar i sons were conducted C a / a  v s . �) .  
�/ �) . . Deve l opmen t a l  s t ages hav i ng sup�rsc r i p t s  a r e  
s i gn i f i can t l y  d i f feren t C P < 0 . 0 1 ) . 
A s s i gnmen t o f  i nd i v i dua l me l anosomes t o  deve l op m en � a l 
s t ag e s  I - I V �as based on stag i ng c r i t e r i a  o f  J i m bow a n d  
Takeuch i ( 1 979 ) w i t h mod i f i ca t i o n s  ( se e  Ma t e r i a l  and 
Me t hods ) .  
Num b e r o f  o bserva t i ons 
) 
F igure 13 . E f fec t ·o f  the l e t h a l  ye l l ow a l l e l e  C Ay )  on me l anosoma l 
area fo l l ow i ng M SH t rea tment 
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Ta b l e 1 0 . 
Geno type 
S tage 
a / a  I 
I I 
I I I 
�� �  r 
I I 
I 1 I 
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F requenc i ts o f  ma t r i x sco re' ass i gn ed t o  me l an o som e s  o f  
· deve l opmen t a l  s t ages I - I I I 3 w i t h in ha i rb u l b me l anoc y te s o f  
4 
two d i f ferent  geno t ypes a f te r t re a t me n t w i t h M SH . 
Ma t r i x  cond i t ion ; 
1 2 3 4 
69 . 5 ( 1 66 ) 30 . 1 { 72 )  0 . 4 (  1 )  0 . 0 ( 0 )  
1 . 7 ( 2 )  7 . 5 ( 9 )  5 . 8 ( 7 ) 85 . 0 ( 1 02 )  
2 . 9 ( 1 0 ) 5 . 6 ( 1 9 )  7 . 6 ( 26 )  84 . 0 ( 287 ) 
8 1 . 9 ( 1 40 )  1 7 . 5 ( 30 )  0 .  6 (  1 )  0 . 0 ( 0 )  
22 . 0 ( 22 )  40 . 0 ( 40 )  1 5 . 0 (  1 5 ) 23 . 0 ( 23 )  
4 1 . 2  ( 33 1 )  3 . 7 ( 30 )  2 1 . 9 ( 1 76 )  33 . 2 ( 267 ) 
Te rm i nc l udes pe rcen t age fo l l owed by f requenc i e s  i n  
pa ren t heses . 
Fo r ma t r i x cond i t i on c r i t e r i a  see �a t e r i a l s  and �e thods . 
Used deve l opmen t a l  s t a ging c r i t e r i a  o f  J i m bo w  and . 
Takeuch i ( 1 979 ) w i th mod i f ica t ions ( see �a t e r i a l s  and .  
M e t ho d s > .  
M a t r i x c o nd i t ions : 1 .  no ma t r i x  f i be r s  p resen t . 
2 .  unorde red ma t r i x f i be rs p resen t .  
3 .  uno rde red and o rde red ma t r i x  
f i be rs p resen t .  
4 .  o rdered mat r i x  f i be rs p resen t . 
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drama t ic chan ge . B me l anosoma l  stage I con ta i n s  n o  or uno rd e r ed 
ma t r i x  f ibers . Y me l anosoma l mat r i x cond i t i o n s  do n o t  fo l l ow the same 
d i f feren t i a � i 0n a s  do the 8 me l anosomes . Y st age I ma t r ix cond i t i o n  
i s  s i m i l ar to 8 s t age I b u t  Y stage I I  and I I I  m a t r i x cond i t ions 
d i f fer from · B s t age I I  and I I I  ma t r i x cond i t ions , p robab i l i ty was l e ss 
than 0 . 00 1 . Y st ages I I  and I I I  never reach the degree of o rder i n  
the i r  ma t r i x f i be rs a s  d o  the B s tages I I  and I I I  ( se e  T ab l e  1 0 ) .  
VG Body Coun t 
Compa r i son be tween t he two gen o t ypes a t  s t ag e  I showed t h a t  B 
stage � me l anos o m e s  con ta i ned mo re VG bod ies th an d i d t h e  Y stage I 
m e l anosomes , ·p robab i l i t y wa s l es s  than 0 . 00 1 . 8 s t age I I  m e l ano somes 
con t a i ned fewer VG bod ies than the Y s t age I I  and t h i s  was a l so no ted 
fo r stage I I I  me l anosomes , p robab i l i t y was l ess t ha n  0 . 00 1  for b o t n  
compa r i sons . VG body coun t s  w i t h i n  each geno type revea l ed tha t a 
dramat i c  decrease i n  number o f  VG bod ies occur red be tween 8 stage I 
and B st age I I  m e l an osomes whe reas i n  the Y me l an o som e s  an inc rease 
was noted be tween s t ages I and I I .  8 stage I I I  me l anosomes were 
s i m i l ar t o  B s tage I I  m e l anosomes . Y stage I I I  me l a n o so m e s  showed a 
dec rease i n  VG bod i es b u t  never reached the l ow l e ve l s  seen i n  8 stage 
I I I  me l anoso m e s  C see Tab l e  1 1 ) . 
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Tab l e  1 1 .  F requenc ies ' o f  VG body count2 ass i gn ed · t o  m e l anosomes o f  
deve l opmen t a l  st ages I - I I I 3 w i t h i n h a i rbu l b  me l anocy t e s  o f  
two d i f fe re n t  genotypes a f te r  t re a tm en t w i t h  MSH . 
Gen o t ype 
S tage 
a / a  I 
I I 
I I I 
�� � I 
I I 
I I I  
VG Body Coun t " 
1 2 3 
1 9 . 3 ( 46 )  43 . 9 (  1 05 )  36 . 8 ( 88 )  
64 . 2 ( 77 )  1 8 . 3 ( 22 )  1 7 . 5 ( 2 1 ) 
60 . 8 ( 208 } 1 8 . 4 ( 63 )  20 . 8 ( 7 1 ) 
40 . 4 ( 69 )  4 1 . 5 ( 7 1 ) 1 8 . 1 ( 3 1 )  
2 1 . 0 ( 2 1 ) 24 . 0 ( 24 )  55 . 0 ( 55 )  
47 . 6 ( 383 ) 7 . 1 ( 57 )  45 . 3 ( 364 ) 
Term i nc l udes pe rcen tage fo l l owed by f requen c i e s  in  
paren theses . 
F o r  VG body coun t �r i ter ia  see M a t e r i a l s and M e t hods . 
U sed deve l o pmen t a l  s t ag ing cr i t e r i a  o f  J i mbow and 
Takeuch i C 1 979 ) w i th mod i f i ca t i o n s  C see M a t e r i a l s  and 
M e thods ) .  
VG body coun t : 1 .  no VG bod i es p resen t .  
2 .  1 - 3 VG bod i es p resen t .  
3 .  more than 3 VG bod i e s  p resen t .  
7 1  
D I SCUS S I ON 
E l ec t ron m ic roscopy d a t a  have sho�n d i s t i n c t  mo rpho l og ica l 
d i f ferences � i th in me l anosomes be t�een t �o m u tan t s , name l y  a / a  and 
�� � < J i m bow and Takeuch i ,  1 979 ) . The m u t a n t s  have 
sphe r i ca l  me l anosomes con t a i n i ng non - s t ruct ured ma t r i c e s , �he rea s t he 
a / a  mutants have e l l i p t ica l me l a no somes conta i n ing s t ruc t u red m a t r i c e s  
( J i mbow a n d  Takeuch i ,  1 979 ) . 
I n  the � i l d type agou t i  mouse , me l anocy t e s  l oca t e d  
in  ha i r  fo l l i c l es p roduce bl ack p i gmen t , eume l an i n ,  a t  the 
beg i nn i ng of ha i r  g row t h . They subsequen t l y  p roduce ye l l ow 
p igmen t , phaeome l an i n  and f i na l l y  produce eume l an i n .  Th i s  
cha ract e r i s t i c  i s  ca l l ed t h e  agou t i  pa t t ern . The sh i f t  ( agou t i 
s� i tch ) be t�een the t�o pa th�ays o f  me l an i n fo rma t i on occ u r s  w i t h i n 
each s i ng l e  ce l l ( Saku ra i e t  a l . ,  1 975 ) . The sw i t ch f rom e ume l an i n 
p roduc t i on to phaeome l an in p roduc t i on i n  the w i l d  t ype agou t i mouse 
may be regu l a t ed . by M SH < Pa�e l ek and K o rner , 1 982 1 . Gesch� i nd and 
Huse by ( 1 966 ) found t h a t · i n J ec t ions � i t h MSH i n t o the A y / � mouse , 
�hose ha i rs �ere p l ucked 5 - 8  days p r i o r  to t he t reatmen t , resu l t ed 
in the eme rgence of i n t ense l y  b l ack ha i rs on l y .  The e f fec t was a 
conve rs i on o f  phaeorne l an i n  p roduc t i on to eume l an i n  p roduc t i o n , an 
a l tera t i on of the express i o n  o f  the l e tha l ye l l ow a l l e l e  <_A� l . 
I n  t h e  p rese n t  st udy we u sed M SH as a too l t o  i n ves t igate 
the exp ress ion of the � a l l e l e  and consequences of MSH i n J ec t i o n . 
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Two geno types , a / a  and Ay / �  �ere t rea ted w i t h  MSH and t h e  resu l t s 
compared . The pa ram e t e rs measu red we re l e ngt h , � i d t h , m a t r i x 
cond i t i on , and v�� i cu l og l obu l a r  body coun t C VG > . By compa r i ng these 
two groups we were a b l e  to see t h e  d i rec t morpho l og i ca l  resu l t s  o f  
� exp res s ion . W e  a l s o  compa red ou r resu l t s w i t h resu l t s  o f  J a p s  
C 1 987 ) w h o  measu red the same parame ters , except for VG b o d y  coun t , on 
the same two geno t ypes bu t w i t ho u t  MSH t rea tmen t . A l so , Japs ( 1 987 ) · 
invest i ga ted neon a t a l ha i rbu l b  m e l anocytes wh i l e  we charact e r i z ed 
regenera t ing h a i rbu l b  me l a n ocy t es o f  60 - 80 day m ice . These 
compa r i sons shou l d  show the e x t e n t  to wh i ch �SH and the � a l l e l e  
exp res$ed themse l ves C see Tab l e  1 2 > . 
Tab l e  1 2 .  Ra t i ona l e  f o r  u s i ng geno t y pes and MSH 
Compa r i son Ra t i ona le 
a / a - MSH vs Ay I �- MSH D i f ferences shou l d  
the Ay a l l e l e .  
�� � vs �� �- MSH D i f ferences shou l d  
MSH . 
a / a  vs a / a - MSH D i f fe rences shou l d  
M SH . 
�� � vs a l a  D i f fe r ences shou l d  
the � a l l e l e . 
on l y  
on l y  
on l y  
on l y  
I n  t h i s  s t udy , m e l anosornes were exam i ne d  
b e  d u e  t o  
be due t o  
be d u e  to 
be due to 
o v e r f o u r 
d i f feren t deve l opmen t a l  s t a g e s  des i gn a t ed I ,  I I , I I I , a n d  I V . 
S t ag i ng c r i t e r i a  were mod i f i ed from J i m bow and Take uch i ( 1 979 ) a s  
d escr i bed i n  M a t e r i a l s and Me t h od s . Bo t h  quan t i ta t i v e  and q ua l i ta t i ve 
resu l t s were ob t a i ned u t i l i z i n g  t h e se s t ag i ng c r i t e r i a . 
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Compa r i son of Compos i te Resu l t s 
The l engths and � idths for eume lanosomes recorded in  the 
l i terature �ere 1 500 nm  x 500 nm < Moyer , 1 966 ) ; 660 nm  x 350 nm 
< F l e i schmann , 1 980 ) ; stage I ,  about 500 nm i n  d iame te r  ( J imbo� and 
Takeuch i ,  1 979 > ; 5 1 5  nm x 365 nm ( Japs , 1 987 ) . Eumel anosomes t reated 
� ith  MSH , no data . Phaeome l anosomes �ere 800 to  900 nm i n  d iameter 
< F le i schmann , 1 980 > ; 528 nm x 406 nm ( Japs , 1 987 ) . Phaeome l anosomes 
t reated � i th MSH �e re sma l ler than phaeome l anosomes w i t hou t  MSH 
treatment C Geschw i nd et al . ,  1 972 ) . 
Our data on eu - and phaeomelanosomes treated w i th M SH sho�ed : 
a / a  eumelanosomes 474 nm  x 325 nm , whereas the �� � phaeome l anosomes 
measured 423 nm x 3 1 2  nm . The l i terature shows few i f  any stud ies  o f  
length and- w idth  o f  me lanosomes o f  e i ther genotype , poss i b l y  due to  
t he extreme var iety i n  s ize .  Th i s  var ie ty is part l y  due to  t he angle  
and locat i on o f  sec t i on i ng ( see F ig .  14 ) and shou ld  be t aken i n to 
account whenever measur ing any parameter o f  mel anosomes . Th i s  s i ze 
var i�ty may a l so be pa r t l y  due to me l an i zat ion , ma t r i x  forma t ion , and 
amount of VG bod ies p resent .  The methods used fo r measu r i ng l engths 
and w idths have no t been reco rded in  the l i tera ture c i ted excep t for 
Japs ( 1 987 ) . The re fore we used h i s  data for compar i son < see Tab l e  1 3 ) .  
Length - to - w i d t h  rat io� and area measuremen t s  a re i nc l uded and 
compared . Length - to - w idth  ra t io was determ ined by d i v i d i ng the 
length by w idth , and t he a rea was ca l cu l ated by us i ng t he fol l ow ing 
formu l a  1rr2 where r = length/ 2 + w idth / 2 .  A l t hough t he L / W  ra t io 
\ 
:; 
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Tab l e  1 3 .  Tab l e , o f  Compos i te Resu l t s be t ween ha i rbu l b  
o f  t w o  gen o t ypes , MSH t rea ted ( van A m e r ongen , 
u n t rea t ed ( Japs , 1 987 ) . 
me 1 anosome·s 
1 989 ) and 
Geno types 
Parame t e r s  
measu red 
a / a - MSH a l a  Ay / a - M S H  Ay / a  
Me l anosomes me a s u red2 1 837 864 1 84 1  337 
Mean l on g  d i me n s i on C n m i  473 . 6. 5 1 4 . 9  423 . 4b 528 . 4  
Mean sho rt d imens i on C nm )  324 . 9. 364 . 5  3 1 2 . 4. . 406 . 4  
Length t o  w i d t h  r a t i o 1 .  52. 1 .  53 1 .  40° 1 . 33 
Mean area 3 ( nm2 X 1 04 ) 50 . t •  60 . 7  42 . 5° 68 . 6  
E n t r i e s  in  Tab l e  3 are l eas t sq u a res means o v e r  a l l  four 
C I ,  I I , I I I ,  and I V > mel anoso m a l deve l o pmen t a l  st ages . 
M ea n s i n  the sam e  row hav ing d i f fe ren t supe r sc r i p t s  a re 
s i gn i f i can t l y  d i f fe rent < P < 0 . 0 1 ) .  
These i n c l ude a l l me l anosomes measu red i n  each geno t y pe 
and t h u s  co n t a i n  a l l  four de ve l o p men t a l s t ages . 
The a rea was o b t a ined by the f o r m u l a  Jr. r2 where r = 
( l engt h  + w i d t h ) / 2 .  I n  orde r t o  compare areas , compos i t e 
l engt h  and w i d t h  were used . 
,-..., 
'-'' 
(_,.,--..\ i . \ 
\ / -......._,/ 
F i g .  1 4  D iagram o f  how l oca t ion and ang l e  can n a f fec t � 
me l anosome s i ze . 
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and area are re f l ect ions of t he l ength and w i d t h  measu remen t s , they 
do al low add i t iona l comparable parameters in  the eva l ua t i on o f  
length and  w idth and the i r  e f fec t s . A rea parame ters were 
cal cul ated , for compa r i son , f rom the compos i te l engt h  and w idt h 
measurement s . 
The resu l t s  < Ta b l e  1 3 > show tha t M SH and the � a l l e l e  do 
a f fect me l anosoma l s i ze and shape . M SH i nduced a reduc t i o n  i n  s ize 
wh ich. overr ides the i n f l uence o f  the Ay a l l e l e  wh ich  causes an 
increase in s i ze . M SH caused �� � mel anosomes to become mo re 
e l l ipt i ca l but  d i d  not i n f l uence t h e  a / a  me l anosomes . Leng t h and 
w idth  were in f l uenced by MSH and the Ay a l l e l e  i n  the same manne r as 
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area . A l though MSH d id exert i t s  e f fec t , MSH coul d not overcome the 
expressions o f  the � a l lele  to make the phaeome lanosome per fec t l y  
m im ic the eume lanosome . These data agree w i th  observat ions o f  
Geschw ind e t  a l . < 1 972 > ; namely , phaeome l anoso·mes become sma l l e r  when 
treated w i th MSH . A s i m i lar  e f fect has been no t iced on eumel anosomes 
in th i s  study . However ,  it is remarkabl e  that w i thout MSH trea tmen t 
phaeome l anosomes are cons iderabl y large r than eume l anosomes .  � i t h  
MSH trea tment both melanosoma l types decrease i n  s i ze but the 
reduct ion is  more drama t ic i n  phaeome l anosomes than eume l anosomes . 
� i th respect to mat r ix score , i t  has been we l l recorded 
< Moyer , 1 966 ; Geschw ind et a l . , 1 972 ; J i mbow and Takeuch i ,  1 979 ; 
F l e i schmann , 1 980 ) that phaeome l anosomes do not produce an organ i zed 
mat r ix , whereas eume l anosomes do . X2 ana l y s i s  o f ma tr i x  o rgan izat ion 
a f ter MSH induct ion showed a s ign i f icant  dif fe rence between the t wo 
genotypes < Tab l e  4 ) . A�paren t l y , MSH cou l d  not overcome t he ef fec t 
of  the ��� al l e l e  w i th respect t o  mat r i x  cond i t ion . 
The number of  ves iculog l obu lar  bod ies < VG >  found w i th in the 
me lanosomes o f  the two genotypes were a l so s ign i f icant l y  d i f feren t 
< P < O . O t , X2 ana l ys i s ) . �� � me l anosomes showed a h ighe r VG frequency 
than a / a  mel anosomes < Tabl e  5 ) . 
The fo l l ow ing sect ion dea l s  w i th deve l opmen tal  stage 
compa r i sons of me l anosomes between t he two genotypes . Th i s  ana l y s i s  
may revea l the prec i se stage and t i me dur i ng me l anosome on togeny that  
the d i fferences be tween these two genot ypes ac tua l l y  a r i se .  
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Resu l ts compa r ison i nc l ud ing deve lopmen ta l s tages 
Length and W i dth  
Length and  w idth  are most  l ikel y a re flect ion  o f  the tota l 
l ength o f  l im i t i ng membrane budd i ng off  the SER and the subsequen t 
shap ing of  the me l anosome by ma t r ix  forma t ion ,  VG body i nco rporat ion , 
mel an i n  depos i t ion , and others . I f  me lan in  depos i t ion changes from 
be ing depos i ted on an ordered ma t r ix to be ing produced random l y  
w i thout an organ i zed ma t r ix , t he shape , and there fore t h e  l ength and 
w idth � cou l d  be a f fect ed . None t he l ess , two tab les C Tab l e  14 and 1 5 )  
are incl uded show i ng the l eng th  and w idth  changes wh i ch occu r du r i ng 
the devel opmen t o f  t he mel anosome w i th and w i thout M S H  t rea tmen t .  
A l though the commen ta ry on l ength  and w idth  w i l l be sho rt , the  e f fect 
of  l ength and w i d t h  on area and mel anosoma l shape w i l l  be d i scussed in  
more deta i l . A l l data  o f  �� � and �� � me l anosoma l  parameters  w i thou t 
MSH trea tmen t w�re taken from Japs C t 987 l . Tab le  1 4  shows that M SH 
has decreased l ength i n . �/ � in  stages I and I I .  The i nc rease i n 
. l ength  o f  �� � me l anosoma l stages I I I  and I V  cou l d  be due to M S H  
increas i ng me l an i n  produc t ion by inc reas i ng ty ros i nase ac t i v i t y .  A s  
for the Ay / � · me lanosoma l lengt h , the change induced b y  M S H  i s  
drama t ic . I n  stead o f  · chrono log ica l l y becom ing shorter , t he Ay / �  
me lanosome , under  the  i n f l uence o f  M SH , increases i n  l eng th , 
chronol og ica l l y .  Th i s  cou l d  be due to an M S H - i nduced reduc t ion i n  the 
amoun t o f  mel anosome l i m i t ing membrane " budd ing o f f the SER ; the 
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Tab l e  1 4 .  Tab l e ' o f  Leng t h s  compa r i son between ha i rbu l b  m e l anoso;nes 
of two geno t ypes , l'l SH t rea ted e van A m e ron gen , 1 989 ) and 
un t rea t ed C Japs , 1 987 ) . 
Geno t ypes 
Me l anosomal 
S t age 
a / a - M SH a / a  Ay / a - M S H  Ay / a  
I Mean l en g t h  C nm >  393 434 350 623 
n number2 239 2 1  1 7 1  1 1  
I I Mean l en g t h  C nrn )  458 462 386 ' 54 9  
n numbe r .- 1 20 32 1 00 1 6  
I I I Mean l eng t h  C n m )  475 405 487 55 1 
n number 342 78 804 1 63 
I V  �ean l en g t h  ( nm )  567 53 1 4 7 1 494 
n numbe r 1 1 36 733 766 . 1 47 
E n t r i es i n  Tab l e  1 4  are rounded l e a s t  squa r e s  m ean s . 
Num ber o f  obse r v a t i o n s . 
Tab le  1 5 .  Tab l e '  o f  W i d t h s  compar i son between ha i rbu l b  
o f  two geno t ypes , M SH t reated ( van Amerongen , 
un t re a t ed ( Japs , 1 987 ) . 
Me l anosoma l  
S tage 
I Mean w i d t h  C n m )  
n number2 
I I  Mean w i d t h  C nm )  
n number. 
I I I  Mean w i d t h  ( n m >  
n number 
IV Mean w idth C nm )  
n nu mber 
a / a - M SH 
298 
239 
255 
1 20 
324 
342 
423 
1 1 36 
Genotypes 
a l a  A y  I a - 11 SH 
303 254 
2 1  1 7 1  
3 1 4  270 ' 
3 2  1 00 
248 363 
78 804 
38 1 363 
733 7 66 
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m e l ano svme s 
1 989 ) and 
Ay / a  
484 
1 1  
4 1 8 
1 6  
4 17 
1 63 
388 
1 47 
Ent r i es i n  Tab l e  1 5  a re rounded l ea s t  squa r e s  means . 
�umber o f  observat ions . 
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di fference in  length i s  al ready s � r ik i ng at stage I .  
W i th respect to  w idth ( Tab l e  1 5 ) , me l anosomes o f  bot h  
genotypes are a f fected b y  MSH , name l y , a reduc t i on i n  w id th .  The 
chronol ogy pa t t e rn he re is much the same as was desc r ibed for the 
length compar i son except  for stage I I  a/ a - MSH . 
Lengt h- to- W i d t h  Ra t io 
Melanosomal shape has been used to desc r i be the d i f feren t 
ontogene t ic pat t e rns o f �� � and �� � me l anosomes ( J imbow and Takeuch i ,  
1 979 l . . Me l anosoma l shape i s  re f l ected by t he leng th  t o  w id t h  ra t i o . A 
length to  w idth ra t io o f  1 . 00 ind ica te s a spher ica l  shape . A r a t i o  
grea ter  than 1 . 00 ind icates a mo re e l l ipt ica l prof i l e .  Length  to  
w idth  ra t io va l ues are shown in  Tab l e  1 6 .  The da ta  C Japs , 1 987 ) o f  
�� � mel anosomes are puzz l ing . They d o  no t fo l l ow the  w ide l y  he l d  
concept ion descr i bed b y  J i mbow and Take uch i ( 1 979 , see Tab l e  1 ) .  The 
Ay / � are more . sphe r i ca l  i n  p ro f i l e  and do not change much 
chrono log ica l l y .  The stage I I  a / a - MSH me l anosome becomes more 
el l i pt ica l  wh ich may be due t o  the forma t ion o f  the ma t r i x  f i be rs . 
Organ ized ma t r ix f i be r s  tend t o  increase length and decrease w id t h  
< see Tab l e  1 4  and The 3 - 0  Ma t r ix ) . A fter st age I I ,  me l an i za t ion  
starts . Mel an i za t i on tends to  w iden the me l anosome C see The 3 - 0  
Mat r ix ) .  Upon compl e t ion. o f  me l an i za t ion , the me l anosome has assumed 
a less spher ica l  p ro f i l e  t hen seen i n  stage I I .  W i th respec t to  tte 
�� � me l anosomes , MSH induced a s l igh t l y  more e l l i p t ica l p ro f i l e .  
8 1  
Tab le 1 6 . Lengt h - to - w i d t h  ra t io '  o f  mel anosomes 
two d i f fe ren t genotypes t reated w i t h  
1 989 ) and unt rea ted C Japs , 1 987 ) . 
w i t h i n  h a i r bul bs o f  
�SH ( van Amerongen , 
Deve lopmen tal  
stages of  
me l anosomes 
I Mean rat i o 
n numbe r2 
I I  Mean rat io 
n number 
I I I  Mean ra t io 
n number 
I V  Mean ra t io 
n number 
a / a - MSH 
1 .  35 
239 
1 . 86 
1 20 
1 . 52 
342 
1 .  36 
1 1 36 
Genotypes 
a / a  Ay / a - MSH  
1 .  5 1 . 42 
2 1  1 7 1  
1 .  5 1 . 46 
32 1 00 
1 .  8 1 . 40 
78 804 
1 .  5 1 . 34 
733 766 
Each va l ue represen ts  rounded leas t 
Number o f  observat ions . 
A y / a  
1 .  3 
1 1  
1 .  3 
1 6  
1 .  4 
1 63 
1 .  3 
1 47 
squa r e s  mean . 
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The degree of mat r i x  organ i za t ion MSH has induced w i th in these 
me l anosomes i s  apparen t ly not enough to obse rve the more p ronounced 
changes seen w i th in  the �� � mel anosomes � However , t he m in u t e  changes 
that  have been not iced are rem in i nscen t of  t he chrono l ogy seen i n  
a / a - MSH . 
I t  wou l d  be very bene f ic ia l  to conduct ano t h e r  se t o f  
measurements for the a / a  and Ay / � me l anosomes w i thout MSH t rea t ment  to 
un rave l the myste ry a round the p resen t da ta . 
Area 
MSH has drama t ica l l y  dec reased me lanosoma l s i ze C Tab l e  17 ) , 
spec i f ical ly i n  the �� � me l anosomes . The a / a  me l anosomes i nc rease i n  
s i ze chronolog ica l l y  except  fo r stage I I I , t he same i s  shown obse rved 
in  a / a - MSH me l anosomes . Cur i ous ly , the �� � me l ansomes  dec rease as 
they mature , whereas the �� �- MSH me l anosomes fo l low a chrono l ogy 
s i m i lar  to a / a - MSH . The decrease in s i ze w i th i n  the i n i t ia l  stages o f  
a / a - MSH cou l d  b e  due to · a decrease in  l i m i t i ng me l anosoma l memb rane 
dur ing the budd ing o f f  p rocess at the SER . The increase seen w i t h in 
the later  stages < I I I  and [ V ) cou l d  be due to increased me l an i za t i on . 
I t  i s  in teresi ing that MSH i nduced a comp l ete sw i tch , ch rono l og i ca l l y , 
w i th in the �� � me l anosomes . I ns tead of  becom i ng sma l l er ,  t hey become 
larger as t hey mature . The decrease in  s ize w i th in the un t reated �� � 
mel anosomes i s  not unde rstood . 
The fo rmu l a · used for a rea 7(r2 whe re r = 
( l en g t h  + w i d t h ) / 2 .  Compos i t e l eng t h  a n d  
u s e d  f o r  compa r i so n  be tween �SH t rea ted a n d  
me l a n o so m e s  
N u m b e r o f  o b se rvat i o n s . 
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w i d th we re 
unt r ea ted 
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The l ack of s ize i ncrease be tween stages I I  and I V  w i t h i n  the 
�� �- MSH me l anosomes needs t o  be addressed . I n  o rder t o  make a 
d i st inct ion between ��� stage I I I  and I V  me lanosomes , stag i ng 
cr i ter i a  were de f ined . Stage I V  Ay/ �- MSH me lanosomes needed to be 
f u l l y  melan ized . · My op in ion is , ��� melanocytes con t a i n  me l anosomes 
wh ich have comp l e ted me l an i n  product ion but are no t comp l e t e l y  
me l an ized . Due t o  o u r  stag ing cr i te r i a  w e  had t o  stage these 
me l anosomes , wh ich are funct iona l l y regarded as stage I V  by the 
me lanocy te , as stage I I I .  
Aga in , i t  woul d  be bene f i c ia l  to obta i n  these measuremen ts  
fo r th� a /a  and the Ay/ � me l anosomes w i thou t �SH t rea tmen t to  see 
whether or not s tage I I I  �� � is  as sma l l  as has been recorded by Japs 
( 1 987 ) and to observe the s i ze c h rono l ogy o f  the Ay / � me l anosome s to 
see whether they do become sma l l e r  as they ma ture . 
Length , w i dth , length - to - w idth  
schemat ical l y  represen ted in  F ig .  1 5 .  MSH has 
ra t io , and 
a de f in i te 
area 
a f fect 
are 
on 
mel anosoma l  s i ze as does the � a l l e l e .  Leng t h - t o - w i d t h  ra t ios are no t 
as apparen t and t h e re fo re l eng t h - t o - w i d t h  ra t ios are p robab l y  not as 
an e f f ic ient  parame ter  as s i ze .  MSH restored s i ze ch ronology in the  
� l2_ me l anosome to  the  character i s t ic eume l anosom e  as seen in  a / a  
melanocytes . MSH cou l d  a f fec t a mechan ism a t  the SER b y  mon i to r ing  
the  amount o f  l i m i t ing me lanosoma l membrane a l lowed fo r each 
me l anosome whereas the Ay / � mel anocyte cou l d  be n m iss i ng .. a con t ro.l 
mechan ism for pre- and stage I me l anosoma l s i ze .  
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<t.je�. - i1.5H a..ja_ A1/a.-1'1 s fl A !If._ I 
I - · • 0 0 
II 
• • 0 0 
i m • • 0 0 I 
0 0 
·-----
F ig .  1 5  Schema t ic rep resen t a t ion o f  lengt h  and w id t h  da ta . 
Ma t r i x O rgan i za t i on 
I t  has b e e n  w e l l  recorded < Moyer , 1 966 ; Geschw ind e t  a l . ,  
1 972 ; J imbow and Takeuch i ,  1 979 ; F l e i sc h mann, 1 980 ) tha t 
phaeome l anosomes do no t produce an organ ized m a t r i x , whereas 
eumel anosomes  do . The on l y  s t a t i s t i c a l  ev idence o f  t h i s  p h e n o menon 
has be�n reco rded b y  Japs < t 987 l � To invest igate  the e f fec t of MSH 
anj the � a l l e l e  on ma t r i x organ izat ion , da ta rec o rded by Japs were 
· compared w i t h  da ta  p resen ted in th i s  repo r t . The da ta ( Tab l e  1 8  and 
1 9 ) show tha t MSH has a de f i n i t e e f fect on ma t r i x o rg a n i za t i on . � SH 
induces the product ion o f o rgan i z ed m a t r i c es w i t h i n  A y / �  me l a n o cy t e s . 
But · the A y  a l l e l e  i n t e rac t s  to such a d e g r e e  that t h e  o rg a n i z a t i o n  
pattern seen i n  the  phaeomel anosomes treated w i t h  �SH does no t 
comp l e t e l y  m i m i c the pa t t e rn seen in  eume l ansomes . I ncreases i n  bo t h  
eu - and phaeomel anosoma l  m a t r i x  organ i z a t i on pa t t e r n s  a r e  ev iden t . 
86 
Tab �e  1 8 .  Frequenc i es' of  matr i x  score2 ass igned to me l anosomes o f  
deve lopmen ta l stages I - ! ! 3 w i th in ha i rbul b  me l anocytes o f  
two d i fferen t geno types w i th ( van Arnerongen , 1 989 ) and 
w i thout ( Japs , 1 987 ) MSH treatment . 
Genotype 
Stage 
1 
Matr ix  cond it ion 
2 3 4 
a / a  I - I I C MSH > 46 . 8 ( 1 68 )  22 . 6  ( 8 1 )  2 . 2 ( 8 )  28 . 4 C t 02 >  
a / a  I - I I 67 . 9 ( 36 >  
�� � I - I I C MSH > 59 . 8 ( 1 62 )  
��� I - I I  59 . 3 ( 1 6 ) 
1 . 9 ( 1 )  
25 . 8 ( 70 )  
40 . 7 ( 1 1 )  
22 . 6  ( 1 2 )  7 . 5 ( 4 )  
5 . 9 ( 16 ) 8 . 5 < 43 )  
0 . 0 ( 0 )  0 . 0 ( 0 )  
Term incl udes pe rcen tage fo l l owed by frequenc ies  i n  
paren theses·. 
For ma t r i x cond i t ion c r i te r ia see Mater ia l s  and Methods . 
Used deve l opmen tal  stag ing cr i ter ia o f  J i mbow and 
Takeuch i ( 1 979 ) w i th mod i f icat ions C see Mater i a l s  and 
Methods ) .  
Ma t r i x  cond it ions : 1 .  no ma tr ix  f ibe rs presen t .  
2 �  unorde red ma t r i x  f i bers p resen t .  
3 .  unordered and orde red ma t r i x 
f ibe rs presen t .  
4 .  ordered mat r i x  f i be rs presen t .  
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Tabl e  1 9 . F requenc ies '  of mat r ix score2 as� �gned to me l anosomes o f  
deve l opmen t a l  stage I I I 3 w i thin  ha i rbu l b  me l anocyt es c f  
two d i f ferent genotypes w i th ( van Arnerongen , 1 989 ) and 
w i t hout  ( Japs , 1 987 ) MSH t reatment . 
Genotype 
Stage 
a l a  I I I C MSH > 
a / a I I I  
1 
2 . 9 ( 1 0 )  
6 1 . 5  ( 48 ) 
Mat r ix cond i t ion4  
2 3 4 
5 . 6 ( 1 9 ) 7 . 6 ( 26 )  84 . 0 ( 287 ) 
3 . 8 ( 3 )  10 . 3 ( 8 )  24 . 4  ( 1 9 ) 
�� � I I I C MSH > 
�� � I I I 
4 1 . 2 (  33 1 }  
93 . 9 ( 1 53 )  
3 . 7 ( 30 )  
4 . 9 ( 8 )  
2 1 . 9 ( 176 ) 33 . 2 ( 267 ) 
1 . 2 ( 2 )  0 . 0 ( 0 )  
l 
4 
Term i nc l udes percen tage fo l l owed by f requenc ies i n  
paren theses . 
For ma t r i x  cond i t ion cr i te r i a  see Ma ter i a l s  and Me thods . 
Used deve lopmen ta l  s tag i ng cr i t er ia  o f  · J i mbow and 
Takeuch i ( 1 979 > w i th mod i f icat i ons ( see Ma te r i a l s  and 
Methods > .  
Mat r ix cond i t ions : 1 .  no mat r ix f ibers presen t .  
2 .  uno rde red ma t r i x  f i bers  p resen t .  
3 .  unordered and ordered mat r ix 
· f ibers presen t .  
4 .  o rdered ma t r ix f i be rs p resent . 
Tabl e  20 . 
S tage 
Genotype 
I . a l a  
�� � 
I I a l a  
�� � 
I II a / a  
�� � 
4 
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F requenG ies ' o f  mat r i x  score2 ass igned to  me l anosomes o f  
deve l o pm en t a l  stages I - I l l 3 w i t h i n  ha i rbu l b  me l an ocyt es o f  
two d i f fe ren t geno types after t rea tm en t w i th MSH . 
Mat r i x  cond i t ion� 
1 2 3 4 
69 . 5 ( 1 66 ).  30-. 1 ( 72 )  0 . 4 ( 1 ) 0 . 0 ( 0 )  
8 1 . 9 (  1 40 ) 1 7 . 5 ( 30 )  0 . 6 ( 1 ) 0 . 0 ( 0 )  
1 . 7 ( 2 )  7 . 5 ( 9 )  5 . 8 ( 7 )  85 . 0 ( 1 02 )  
22 . 0 ( 22 )  40 . 0 ( 40 )  1 5 . 0 ( 1 5 )  23 . 0 ( 23 )  
2 . 9 ( 1 0 ) 5 . 6 ( 1 9 ) 7 . 6 ( 26 ) 84 . 0 ( 287 ) 
4 1 . 2 (  33 1 )  3 . 7 ( 30 )  2 1 . 9 ( 1 76 )  33 . 2 ( 267 ) 
Term inc l udes pe rcen tage fo l l o�ed by frequenc ies  in  
paren t h e se s . 
X2 ana l y s i s  sho�ed s ign i f icant  d i f ferences in  s tages I I  
and I I I  C P < O . O t > .  
Used deve l opmen tal  stag ing cr i ter ia o f  J i mbo� and 
Takeuch i ( 1 979 ) w i th mod i f icat ions ( see Mater ia l s  and 
Met hods } .  
Mat r ix cond i t ions : 1 .  no ma t r i x  f i be rs presen t .  
2 .  unorde red ma t r ix f ibers  p resen t .  
3 .  unordered and orde red ma t r i x 
f ibe rs presen t .  
4 .  ordered mat r ix f ibers present . 
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Tab l e  20 reve a l s  the m a t r ix cond i t i o n  c o m p a r e d  b e t � e e n  two 
genot ypes and the i r  deve l op m e n ta l st ages · I to I I I .  I t become s 
apparent that the · � a l l e l e  i n  th i s  case · overr ides t h e  a f fec t o f  
MSH . A l though n o  sta t ist ica l  d i f fe rence was e ncoun t e r ed i n  s c a ge I ,  
stage I I  and I I I  are s i gn i f i c a n t l y d i fferen t < P < O . O l J .  
V e s i cu l og l ob u l ar sco re.  
Ves i cu l og l obu l a r ( VG )  bod i e s  �e re a l so a f fec t ed b y  t h e  Ay 
a l l e l e  ( Tab l e  2 1 > .  No te  that i n  s t age I the �� � m e l a n o s o m e s  con ta i ned 
m o re VG bod i es t hen �� � m e l anosa m e s  unde r t h e  i n f l uence o f  MSH . I n  
stage· I I i t �as t he o t h e r  w a y  a round , Ay I � me l anosomes c o n t a i ned m o r e  
VG bod i es t h e n  a / a  m e l anosome s . S tage I I I  w a s  s i m i l a r  to s t age I I , 
a l though a dec rease w i th in Ay / � m e l anoso mes be tween s t age I I  and I I I 
�as observed . J i m bow e t  a l . ( 1 97 9 ) obse rved an i nc re a s e  i n  V G  bod i e s · 
be tween eu - and p haeome l an i c stages I and I I .  The i nc r ease seen �a s 
d ramat ical ly  d i f fe rent  b e t ween p h aeo - and eume l anosome s .  An i nc re as e · 
o f  250% �as rec o rded f o r  the e u m e l anosomes , whe reas a 7 1 4 % i n c r e a se 
was not i ced f o r  p ha eo m e l anosomes ( se e  Tab l e  2 ) . I n  t h i s  s t udy a 
dec rease �as o b s e rved be t ween eum e l ansoma l stages I and I I ,  w h e reas 
fo r the phaeom e l an o s om a l  s t ages I and I I  an increase w a s  reco rded . 
A l l stages �ere s i g n i f i ca n t l y d i f fe r en t  be t�een t h e  t w o  geno t y pe s . 
F l e i schmann ( 1 980 ) reported a dec rease o f  VG bod i e s  a s  e um e l ano s o m e s  
m a t u re . The s e  d a t a  suggest t h e  same ; a l though F l e i sc h m a n n  ( 1 980 1 d i d  
no t t reat  t he eum e l a n o s o m e s  w i t h  MSH . 
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Tab le 2 1 . F requenc ies '  of  VG  body coun t 2  ass igned to mel anosomes of  
deve l opmen ta l stages I - I I I 3 � i t h in ha i rbul b melanocytes of  
two d i f fe rent genotypes after trea tmen t w i th MSH . 
Stage 
Genotype 
I a l a  
�� � 
I I  a / a  
�� � · 
I I I  a / a  
�� � 
4 
VG Body Coun t4 
1 2 3 
1 9 .-3 ( 46 ) 43 . 9 ( 1 05 )  36 . 8 ( 88 )  
40 . 4 (  69 ) . 4 1 . 5 ( 7 1 ) 1 8 . 1 ( 3 1 )  
64 . 2 ( 77 )  18 . 3 ( 22 )  1 7 . 5 ( 2 1 ) 
2 1 . 0 ( 2 1 ) 24 . 0 ( 24 )  55 . 0 ( 55 )  
60 . 8 ( 208 ) 1 8 . 4 ( 63 )  20 . 8  ( 7 1 ) . 
47 . 6 ( 383 ) 7 .  1 (  57 ) 4 5 . 3 ( 36 4 ) 
Term inc l udes percen tage fo l l owed by f requenc ies in 
paren these s . 
X2 ana ly s i s  showed a s ign i f ican t d i f ference be tween 
the two genot ypes at every stage C P < 0 . 0 1 ) .  
Used deve lopmen ta l  stag ing cr i ter ia  o f  J i mbow and 
Takeuch i ( 1 979 ) w i th mod i f icat ions ( see Mate r ia l s  and 
Methods > .  
Vd body count : 1 .  no VG bodies presen t .  
2 .  1 - 3 VG bod ies presen t .  
3 .  more than 3 VG bod ies presen t .  
� ., ., 
9 1  
. S um m i ng i t  up 
As men t ioned be fore , t he � a l l e l �  and MSH a f f e c t  t y ros i n a se 
ac t i v i ty �nd m el anosome ontogeny , b u t  how th i s  i n f l uence i s  exe r t ed 
i s  st i l l a mys t e ry . New ideas on how the i n t r i ca t e  mec han i sm o f  
m e l anogenes i s  m i gh t p roceed are p ro po sed i n  t h i s  sec t i on inc l ud i ng 
the use o f  da t a  o b t a i n ed i n  t h i s  s t udy and add i t i o n a l  l i t e ra t u re . 
Tyros inase C T4 >  appears to have th ree o r  fou r m a J o r  func t i o n s  
w i th in the Mason - Rape r pa thway C see F i g .  3 ) : t y ro s i ne hydroxy l a se 
C TH J  ac t i v i ty , DOPA ox i dase C OO >  act iv i ty ,  OCOR act i v i t y < Hear i ng e t  
a l . ,  1 982 ) , and i ndo l e  convers i on fac t o r  C I Cf ) ac t i v i t y ( Mu l l e r e t  
a l . ,  1 988 ) . Ty ros ina se iso z y mes Tt  and T 3  were shown to be assoc i a ted 
w i th an indo l e  b l ock i ng fac t o r  ac t i v i t y sugges t i n g  a mechan i s m by 
wh i ch the se i sozymes m i gh t be i n h i b i t ed from form i ng m e l an i n  u n t i l  
they reach t he m e l anosome < Hear i ng e t  a l . ,  1 982 ) . S t ruc t u ra l l y , i t 
has been sugges t ed tha t ty ros i nase cou l d  p l ay a ro l e  b y  comp l ex ing 
w i th the me l anosome f i l amen ts ( He a r i ng e t  a l . ,  1 973 ) . R u p p e r t  e t  a l . 
( 1 988 ) repo r t e d  that mu l t i p l e  t ranscr i p t s  o f  t he mouse t y ros i nase gene 
a re gene rated by a l t e rn a t i ve sp l i c i ng and that t he mouse t y ros i n a se 
gene i s  encoded a t  o r  near t he a l b i no l ocus . On l y  t he mos t abundan t 
t ransc r i p t  o f  t h e  t y ros i nase mo l ecu l e  cou l d  induce t y r o s i nase ac t i v i t y 
a ft e r  t rans fec t i on o f  a eDNA express i o n p l asm i d  on t y o s i n a se - neg a t i v e  
c e l l s  < Mu l l e r  e t  a l . ,  1 988 ) . 
A l t e rna t i ve sp l i c i ng o f  t he tyros inase rr R N A  can · l ead t o  
in t eres t i ng concep t s  such as t h e ex i stence o f  seve r a l  d i f fe ren t 
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tyros inase spec ies w i th in a s ingl e  mel anocyte . The enzymat ic 
b i ochem ica l funct ions could  be a t t r ibuted to these d i f feren t spec ies 
o f  tyrosinase . Mul l e r  et  al . ( 1 988 ) suggest that I CF act iv i ty cou ld 
be attributed to one of  the se al ternat i ve tyros i nase spec ies . 
One of  these a l terna t i ve l y  sp l iced tyros inases cou l d  have a melan in  
po l ymer i zat i on act i v i ty ( discussed later ) . 
Korner and Pawe l ek ( 1 982 ) suggest the presence o f  d i fferent 
act ive si tes en the t y ros inase molecu l e . Tyros inase cou l d  there fore 
express these b iochem ica l funct ions w i th one spec ies or mol ecu l e .  Al l 
the d i f ferent ac t i v i t ies cou ld be l ocated w i th in spec i f ic  s i tes on the 
mo l ecu l e . These s i tes can then be regu lated by  structural  a l terat ions 
or inh ib i tors and / o r  act i vators . MSH m igh t cause the fo l l ow i ng :  ( 1 )  
promote the syn t hes i s  of  a tyros i nase act i va tor, ( 2 )  inact iva te a 
tyros inase inh ib i tor < Fu l l e r  et  a l . ,  1 987 ) . Pawe lek and Korner ( 1 982 > 
suggested that MSH removes t he I ndole  B l ock ing Factor and increases 
I ndol e  Convers i on Factor act i v i ty < see F ig .  3 ) . 
Al l b iochem ica l funct ions o f  tyros inase are negat i ve l y  
af fected b y  the l e tha l y� l l ow a l l e l e , but the most interest i ng i s  i t s  
af fect o n  DCOR act iv i ty .  Barber et al . ( 1 985 ) suggest that the total 
lack of DCOR act i v i ty in  the �� � mouse creates an accumu l at ion of 
DOPAqu inones , an intermed iate in  the eume lan in  pat hway < see F ig .  3 ) , 
wh ich w i l l qu ick l y  b ind to ava i l ab l e  cyste i ne and en ter · the 
phaeomel an in pathway . Wol f f  e t  a l . ( 1 986 ) d i scussed the ex i stence o f  
an enzyme invo l ved i n  the phaeome l an i n  pathway , name l y  r -gl utarny l 
transpept idase , wh ich catal yzes the trans fer o f  the (- g l utamy l group 
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of g l u t a t h i one t o  t he �- am ino g ro u p  of a n  acceptor am i no ac i d  such a s  
cyste ine o r  g l u t am i n e . F u r thermo re , t h i s  enzyme i s  t ra n s fe r red from 
t he Go l g i  com p l ex t o  p reme l anosomes . I n  m i xed me l anogenes i s , 
t- g l u tamy l t ranspep t i da se as we l l a s  t y ros ina se a re detected i n  
rne l anosomes . b u t  on l y  t y ro s i nase rema i n s  i n  t he eume l an i zed me l anosomes 
( Wo l f f  e t  a l . ,  1 986 ) . I n  con t ra s t , F l e i schmann ( 1 980 ) demon s t rated no 
appa rent spec i f i c i ty of th i s  enzyme act i v i ty for phaeome l a n i c  ha i r  
bu l bs over eume l an i c ha i r  bu l bs .  
K o rne r and Pawe l ek ( 1 982 ) a l t ho ugh neve r d i rec t l y  s t a t i n g  
that DCOR act i v i ty c o u l d  b e  a t t r i bu t ed to the t y ros i na se mo l ecu l e , d id 
s ta te that pu r j_ f i ed 8 1 6  me l anoma t y ro s inase cou l d  s t i mu l a t e  the 
conve rs i on o f · dopach rome < DCOR act i v i t y ) , but t ha t  c - A MP did not 
a f fect DCF / DCOR ac t i v i ty .  Th i s  i s  very cu r i ous because Ba rbe r e t  a l . 
( 1 985 ) observed an i nc rease o f  DCOR act i v i ty w i t h i n �� � me l anocytes 
a ft e r  M SH exposure as d i d Pawe l ek ( 1 989 ) i n  me l anocy tes and m e l anoma 
ce l l s  o f  m ice , h a m s t ers , p i gs and humans . I n  cont ra st , Granho l m  e t  
a l . ( 1 989 ) found n o  en hancemen t o f  DCOR ·ac t i v i t y i n  e i t h e r �� � £1 £ o r  
�� � c 2J / c2 J  gen o t ypes f o l l ow i ng M SH t rea t ment . A roca e t  a l .  ( 1 989 ) 
�tate t h a t  DCOR act i v i t y pur i f ied f rorr. m e l anot ic B 1 6 - F 1 0  me l anoma s i s  
• . . . c l ea r l y  d i f fe ren t f rom t y ros i na se . . .  " . 
Changes i n  c y ste i ne l eve l s  have been sugges t ed t o  a f fect 
t y ros i n a se act i v i ty ( Movagha r and H u n t , 1 987 ; Prota , 1 980 ) and 
me l anosoma l f i bers ( Geschw i nd e t  a l . ,  1 972 ) . I f  t h i s  i s  so , 
g l ycosy l at i on m i gh t no t be t he fundamen ta l � p rob l em . M S H  cou l d  
poss i b l y  have a n  a f fec t on cy ste i ne l e ve l s  o r  i n h i b i t  i- g l u t amy l 
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transpept idase . I t  seems unl i ke ly  that proper cyste ine leve l s  cou l d  
erad ica te al l t he probl ems t h e  Ay / � mouse is  i n f l icted � i th . I t  i s  
interest ing however , t hat  t he letha l ye l l ow ( �/ �) mouse su f fers fro� 
obes i ty and that cyste i ne i s  a key componen t of the fat ty ac i d  
synthase complex . < Lehn inger , 1 982 ) . The fat ty ac id  synthase complex 
has two essen t ia l  - SH groups o f  wh ich one is con t r i buted by a cyste ine 
res idue . The comp l ex i s  located in  the cytoso l and fac i l i tates the 
success ive steps in  the fa tty  ac id  synthes is  cyc l e . I t  i s  poss i b l e  
that increased amount s  o f  cyste ine cou ld bes ides decreas ing 
tyros inase act iv i ty , i ncrease fat t y  ac id synthase act iv i ty , thereby 
inc reas i ng fatty  ac id  syn thes i s  and subsequen t storage thereo f . 
Pawe l ek and Korner ( 1 982 ) suggested that aberrant 
gl ycosylat ion mechan i sms  cou l d  be a f fect ing t yros inase act i v i t y .  
I n t r icate g l ycosy l at i on i nh ib i t i on stud ies o n  mel anoma cel l s  were 
performed by M i sh ima et a l . ( 1 983 , 1 985 ) . Gl ycosy lat ion inh ib i t i on 
was induced by the use o f  g l ucosam ine and tun icamyc i n . The i r  . 
observat ions were as fol l ows : ( 1 )  l oss of  me lan in  i n  me l anosomes a fter  
t en days o f  cont i nuous exposure to  the inh i b i tors , ( 2 )  number o f 
mel anosomes formed d i d  not great l y  decrease , ( 3 )  marked se lect ive 
aberrat ion o f  the me lanosome st ructure , and ( 4 ) GERL  and coated 
ves icles re ta ined t he i r  tyros inase act iv ity  capable  o f  form ing 
dopa� me l an in in  v i t ro .  G l ucosa m ine and tun icamyc i n  are spec i f ic  
i nh i b i tors o f  l ip id - carr ier -dependent gl ycosy l a t ion ( ! mokawa and 
M i sh i ma , 1 986 ) , N - g l ycosy l a t i on w i th ol igosacchar ides  i s  ha l ted . 
They further state that N - g l ycosy l a t ion o f  tyros i nases and 
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me l anoso m a l p ro t e i n s  ( m a t r i x  f i be rs ) i s  the key p r oc e s s  f o r  t y ros i na se 
t rans fer a s  we l l  as fo r subsequen t me l an i za t i o n  o f  p re m e l anosom e s . 
Memb rane · bound o l i gosacchar ide - ca r ry i ng - l i p ids a re p r e se n t w i t h i n t h e  
endop l asm i c  re t i c u l um system . Saccha r i de mo i e t i e s a r e  l i nked t o  
these l i p i d s  b y  2 P - bonds needed t o  p rov i de t h e  necess a ry ene rgy fo r 
the t rans fe r o f  t he saccha r i de mo i e t y fr om t h e  m e m b r a n e  bound l i p i d 
to the t y ro s i nase po l y p e p t ide C A l be r t s  e t  a l . ,  1 982 ) ( se e  F i g .  1 6 ) . 
5' 
F i gure 1 6 .  Schem a t i c i l l us t ra t ion o f  p rot e i n  g l ycosy l a t i o n  
i n  t h e  ER . A s  soon as a po l ypep t i d e cha i n  en t e r s 
t h e  ER l um e n , i t  i s  g l ycosy l a t ed o n  i t s 
suscep t i b l e  aspa rag i ne res i due . As i n d i ca t ed , 
t h e  o l i go saccha r i de shown i s  t ra n s f e r red t o  t he 
aspa rag i n e  as an i n t a c t  un i t . 
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Aberran t l ip id s  o r  a decrease i n  the amoun t o f  t he se l i p i d s  cou l d  
resu l t i n  a n  i ne f f ic ien t o r  i n su f f i c i en t  g l ycosy l a t i o n  mechan i sm o f  
bot h  t y ros i na se and ma t r ix f i be rs . Ac cord i ng t o  M i sh i ma e t  a l . 
< 1 985 > , DNA t r anscr i p t i on and R N A  t rans l a t i on � e re no t a f fec t e d  b y  t he 
inh i b i t ion o f  g l ycosy l at i on ; t he re fore syn t hes i s  o f  T3 wa s no t 
i n t e rrup ted . The � a l l e l e  produc t cou l d  a f fec t t he l i p i d - de penden t 
g l ycosy l a t ion by a poss i b l e  a f fec t on l i p i d  m e t a bo l i sm and / o r  
syn thes i s , re su l t i ng i n  abe r ra n t  fo rms o f  t he l i p i d  o r  a dec rease i n  
the amou n t  o f  o l i gosaccha r i de - ca r ry i ng - l i p i d s . I f  M SH i nduces a c - AM P  
mechan i sm as desc r i be d  by Pa�e l ek and Ko rne r ( 1 982 1 , the resu l t ing 
k inases cou l d , i n  the p resence o f  ATP , prov ide the necessa ry energy 
for the t rans fe r o f  t he saccha r ide mo iety . Wo l f f  e t  a l . ( 1 986 ) 
cons ider the endop l asm i c  re t icu l um to be one o f  the m o s t  l i k e l y 
cand ida tes for the �- i nduced me tabo l ic dysregu l at ion . 
B u rch i l l  e t  a l . ( 1 988 ) sugge s t  tha t g l ycosy l a t i on m a y  be 
i mpo rta nt in p ro t ec t i ng tyros inase f rom p ro t eo l y t i c  a t t ack and 
probab l y  has l i t t l e a f fec t on t y ros inase act i v i t y .  The ha l f - l i fe o f 
ty ros i nase i s  approx i ma te l y  3 . 5  h .  ( Burch i l l  e t  a l . ,  1988 ) . I f  th i s  
ha l f - l i fe e s t i ma te i s  a n  i nd i ca t ion o f  degrada t i v e enzymes des t roy ing 
gl ycosy l a ted tyros i nase , the ung l ycosy l a ted T3 i sozyme shou l d  be 
degraded much fas te r .  Th is  cou l d  exp l a i n t he fa i n t  band obse rved by 
Gesch� i nd e t  a l . ( 1 972 1 and Leona rd C 1 983 , unpub l i shed ) in M S H - t rea ted 
�� � mel anocy t es fol l o� ing t y ros i nase ge l e l ec t ropho res i s . They 
observed a s im i l ar band ing pa t t e r n  be tween �� � and Ay / � t y ro s i nase s . 
Two bands eme rged fo r each genot y pe , nam e l y  T t  and T3 . The da t a  o f  
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Leonard et a l . ( 1983 ) m ight be the resul t of incompl ete MSH i nduct ion 
o f  tyrosinase isozymes character ist ic o f  eume l anogenes i s . 
MSH exper i ment s  were conducted to el uc ida te i ts e f fec t s  o n  
tyros inase act iv i ty < Burch i l l e t  a l . , 1 986 and 1 987 , F u l l e r  e t  a l . ,  
1 987 , and Ha l aban e t  a l . , 1 984 ) . Burch i l l ' s  expe r i men ts we re 
per formed on m ice carry ing t he Avy , v i ab l e  ye l l ow , a l l e l e .  These m i ce 
undergo pred ictab le  changes in  coat co l o r , i . e . : ( 1 )  8 - 1 0  day s  o f  
age - -ye l low , ( 2 )  mou l t i ng a t  p u be rty - - dark l y  p igmen ted , and ( 3 )  
subsequent mou l ts < S  m o n t h s - - he rea f t e r  ca l l ed adu l t ) - - ye l l ow .  Bu rch i l l  
e t  a l . ( 1 988 ) states " . . .  the increases in  ty ros ina se ac t i v i ty wh i ch 
occur dur ing t he ha i r  cyc l e  invo l ve changes in  bo t h  the syn t h es i s and 
act ivat ion of the en z y m e  and t h a t  the predom inan t e f fect of MSH is on 
the former o f  these two processes . . . .  i n  norma l f o l l i cu l a r  
mel anocytes . •• F u rthe rmo re , h i gh t y ros inase ac t i v i t y resu l t s  i n  
eume lanogenes i s . Ful l er e t  a l . ( 1 987 > sugge s t that  be s i des an 
increase i n  tyros inase syn thes i s  < MSH requ i res con t i nu e d  t ransc r i p t i o n  
and t ranslat ion ) , MSH may a l so promote a n  i n crease i n  the ca ta l y t i c  
e f f ic i ency o f  t he enzyme . Ha l aban e t  a l . ( 1 984 ) obse rv ed a 4 fo l d  
increase o f  tyros i nase syn thes i s  due t o  M S H  wh i ch co i nc i de d w i th a 4 
fol d  increase in  tyros inase ac t i v i ty ,  show ing no ac t i va t i on mechan i sm 
be i ng present . B o th F u l l e r  e t  a l . ( 1 987 ) and Ha l aban e t  a l . < 1 984 ) 
used Cl oudman S - 9 1  mou se me l anoma ce l l s .  
Burch i l l e t  a l . ( 1 986 ) observed t h a t  �SH i nc r e a s e s  t y ros i n ase 
act i v i ty in the pube rt a l . mouse but not in t h e  ad u l t . M o re 
spec i f ica l l y , M SH i nc rea sed the p roduct i on o f  eume l an i n  and dec reased 
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phaeome l an in  product ion . I n  contrast , bromoc r ipt ine , an  adeny l ate  
cyclase inh ib i tor , decreased eume l an in product ion and increased 
phaeome l an i n  product i on .  MSH cou ld  not reverse the e f fect o f  
bromocr ipt ine .  Burch i l l  and Thody ( 1986 ) suggest t ha t  the d i fferent 
response between adu l t Avy/ - and pub�rta l Avy / - m i ce to  MSH cou ld  be 
due to changes in MSH receptor express ion . I n  the G2 phase o f  the 
ce l l  cyc l e  the MSH receptors are most  ava i l ab l e ( Varga et a l . ,  1 974 ) . 
MSH pl asma leve l s  be tween the adu l t and puberta l mouse were mea su red 
but showed no d i f ference , both  m ice showed a M SH pl asma leve l o f  abou t 
1 53 pmo l / 1  ( 0 . 23 x 10 · 3 ug / m l ) .  MSH concen t rat ion i s  measured by us i ng 
a rad io immunoassay < R I A > techn ique . Th i s  ant ibody i s  most l l k e l y  
genera l enough t o  prec i p i tate  al l spec ies o f  MSH . 
I t  is  interest i ng to note  that M SH has been quest ioned as  to 
whether i t  is a t rue in v ivo regu l ator  of mel anogenes i s  < Geschw i nd e t  
a l . ,  1 972 > . Tamate  and Takeuch i ( 1 98 1 ) perfo rmed M SH dose - re sponse 
exper iment s  in  wh ich they ach i eved a modera te  eume l an in p roduc t i on 
response in �� � cul tu red mouse me l anocy tes exposed to 1 x 1 0 · 2 ug / m l  
o f  MSH . A max i mum response was observed w i th an MSH concen t ra t ion  o f  
1 x t o · ' ug / m l . To e l i c i te a response 1 n  the �� � me lanocy tes . a fa r 
greater concen t rat ion i s  needed t hen the recorded p l asma l eve l s o f 
MSH . Th i s  phenomenon cou l d  suggest tha t � SH i s  not an i n  v i vo 
regul ator of mel anogenes i s  in  m ice .  In con t rast , Takeuch i < 1 985 > 
postu l ates t hat  the p roducts  o f  t he A y  al l e l e b l ock  the  M SH rece p t o r  
and tha t  the  gene product cou l d  be  removed by  an excess  amount  of  MSH . 
Al though th i s  postu l a t ion cou l d  be cor 1ect , one wou l d  have t o  cons i de r 
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whether or not t he product of the � a l l e le  cou l d  exert i ts e f fect on 
the MSH receptor in  cu l ture . Creat ing an env i ronment  wh ich coul d  
d i l ute the � a l l e l e  product , so that i ts poss i b l e  af fect o n  the MSH 
receptors wou l d  be m in imal , shoul d  r eve� l �hether or not the 
postu l at ion of Takeuch i ( 1 985 > is correct . 
MSH d id not a f fect the ha l f - l i fe o f  t y ros inase 
< Burch i l l  et a l . , 1 988 } . I �aul d  l ike to sugge s t  t he measu remen t o f 
the ha l f - l i fe o f  tyros i nase dur i ng g l ycosy l a t ion i nh ib i t ion so as  t o  
measure the ha l f - l i fe o f  T3 on l y . Th i s  expe r i me n t  may show whether or  
not glycosy l at i on a f fec t s ha l f - l i fe . 
A l though the  MSH / c - AMP - med iated mechan i sm i s  general l y  
accepted , pr�c i se mo l ecu l ar events  are poo r l y  unde rs t oo d . F u l l e r  e t  
al . ( 1 987 > obse rved that the r i se o f  c - AM P  due to MSH d rops a f t e r  30 
m inutes even when MSH i s  st i l l  s t i m u l a t i ng t he recep to r . I n  o rder fo r 
MSH to have an e f fect on the me lanocyte , t he c e l l needs to be exposed 
to MSH for at  l eas t 9 - 1 0  nours . I n teres t i ng l y  enough , the data o f 
Ful l er et a l . < 1 987 ) show that c - A M P  i nc rea se s  aga i n  a f t e r  70 
m inutes of M SH exposure . Un fortunate ly , the durat ion  o f  the 
exper iment was on l y  90 m i n u t e s . I t  �au l d  be i n t e re s t i ng to see i f  M SH 
i nduces t h e  c - AM P  concen t ra t i on t o  r i se and fa l l  c rea t i ng a c - AMP  
concentrat ion �ave pa t t e rn . D i f fe re n t wave pa t t e r n s  cou l d  provoke 
d i fferent ce l l u l ar responses �h ich cou l d  e x p l a i n  w h y  M SH i s  somet imes 
apparent l y  l inked to a c - AMP  system and a t  other  t i mes n o t .  Th ree 
kno�n MSH spec ies ex i s t , namel y  �- MSH , � - MSH , and y- MSH . A l t hough the 
MSH plasma l eve l s  measured by Burch i l l  e t a l . ( 1 986 ) re f l ec t  � SH 
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concen t ra t ion , i t  doe s  not revea l poss i b l e  changes i n  concentrat ion 
between the t hree spec ies . For  examp l e , an MSH p l asma l eve l of  1 50 
pmo l / 1  cou l d  conta i n  5 0  pmo l / 1  of  A - MSH , 50 
.
pmo l / 1  o f  � - MSH , and 50 
pmo l / 1  o f  r-MSH o r  cou l d  conta in  75 pmol / 1  o f  � - MSH , 25 pmol / l  of  
� MSH , and 5 0  pmo l / 1  o f (- MSH . Concen trat ion changes be tween the M S H  
spec ies cou ld  a l so induce d i f feren t ce l l u l ar response s . 
The re l a t i ve concen t rat ions of  tyros ine and d i hydroxy indo le  
< DH I > ma y  be impo rtan t in  t he regu l at ion o f  me l anogenes i s . DH I 
inh ib i t s  the in i t ia l  s t eps o f  mel anogenes is  and L - t y ros i ne . i nh i b i t s 
the convers ion o f  DH I to mel anochrome < Korner and Pawe l ek ,  1 982 ) . The 
ex i stence .o f  a feedback mechan ism th rough sub t l e  changes in 
precu rso r - product concen t ra t ions is a poss ib i l i t y . 
S t ructura l Aspec t s  
The st ruc t u r a l  aspects  of  me l anogenes is  a re : ( 1 ) Rough 
endop l asm i c  re t icu l um < RER J , ( 2 )  Go l g i - assoc i a ted - endop l asm ic -
ret icul um lysosomes < GE R L ) , < 3 >  Go l g i  comp lex , C 4 >  Coa ted ves i c l es 
C CV > , ( 5 }  Ves i cu l og l obu l ar bod ies ( VG ) , ( 7 ) A new en t i ty p roposed by 
th i s  study , coa t components  C CC > , ( 8 )  �a t r ix f i be rs , and ( 9 )  
Me l anosoma l l i m i t ing memb rane . 
No te: Due to t he incons istent  use o f  nomenc l a ture , a 
c l ar i f icat ion i s  needed w i th respect to the  ent i t ies  CV , VG , CC , and 
m icroves i cu l ar bod ies . M ic roves icu l ar bod ies , CV , and VG bod ies ha ve 
somet i mes  been used to desc r i be a spher ica l organe l l e w i th a d i ame ter  
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of  about 40 nm . Th i s  w r i ter  wou l d  l ike to rede f ine t he t e r ms : ( 1 )  V G  
bod ies are organe l les  ins ide the me lanosome and do  not conta in  a coat 
carry ing membrane , ( 2 )  CVs are membrane bound organel l es conta in ing an 
apparent coa t and can be located e i ther outs ide or i n s i d e  the 
me lanosome , ( 3 )  M icroves icu lar bod i es shou ld no t b e  used . I t  i s  too 
confus ing a term , because stage I me l anosomes are known to be ca l l ed 
mu l t ives icu l a r  bod ies , ( 4 )  CC ( coat componen t s > are t he componen ts  
mak ing up the  " fuzzy " coat o f  the CV ' s  < see F i g .  1 7 ) . 
Al l the pos s ib l e aberrat ions due to the Ay a l l e l e  and t h e  
effects of  MSH and how it cou ld  e xe r t  i ts e f fect s  a r e  app l icab l e 
w i t h i n  the st ructura l  aspect o f  m e l anogenes i s .  A be r ra t i o n  due t o  
g l ycosy l a t ion p rob lems cou l d  af fec t the organ i za t ion and recept or 
s i tes of  the ma t r i x  f i be rs , t a rge t i ng s i t es o f  t h e  coa ted ve s i c l e s , 
receptor s i tes o f  the l im i t ing me lanosomal  nembrane , a n d  t a rge t i ng 
si tes of  the coat components . Cys t e i ne leve l s  cou l d  a f fe c t  
me lanosoma l f i bers , as  desc r i bed be f o re . T h e  theory most accep t ed as 
to be the mode o f  org ane l l ogenes i s o f  m e l an osomes suggests a separa t e 
o r ig i n  for the  two m a J o r  componen t s , the mat r i x  p rote i n s and 
tyrosinase . The l im i t ing membrane of the me l anosome forms as a foca l 
d i lat ion o f  the c is t e rnea o f  the GER L . The ma t r i x  p ro t e i n s  a re 
syntpes i zed on r i bosomes o f  t he RER and e n ter t hese ves i c l e s  v i a t he 
cont i nuous c i s t e rnea o f  the GER L .  The enzyme t y ro s i nase i s  a l so 
synthes i zed on the  r i bosomes o f  the R E R  and reaches t he Go l g i  com p l e x  
v ia the GER L  a nd i s  p ackaged i n to CVs .  The t y ro s i n a se i s  then 
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F i gu re 1 7 .  On t ogene t i c sequence o f  VG bod i es , CV s , and CCs . The 
C V  bod i e s  b ud o f f  f rom t he GER L s y s t e m  t o  become 
i nco rpo ra t ed i n t o t h e  m e l anosome . Once i n s i de t h e  
m e l a n o some t h e  CV d i s in t e rgra t es i n t o t wo componen t s , 
name l y  t h e  VG body and the CCs . The CC adh e r e  t o  t h e  
mat r i x f i be r s  p rese n t w i t h i n t h e  S t age I m e l a n o so m e  a n d  
a id i n  t he o rgan i z a t i on o f  t h e  ma t r i x . A f t er t h e  CCs 
a re a t t ached to t he m a t r i x f i bers , me l an i z a t i on s t a r t s  
a round t h e  CCs , · a s  i nd i c a ted b y  t h e  S t age I I I  m e l a n o so m e . 
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transferred i n  t hese CV s to the  d i l a t ed tubu l es o f  t he GER L .  The 
�o�te� ves icles t hen fuse w i th the l im i t i ng membrane o f  the ves i c l es 
der ived from t he · GERL and invo l ut e  to · form the  comp l ete ear l y  
me l anosome ( Ma u l  and B rumbaugh , 1 97 1 ; Sug iyama . 1 979 ) . I t  i s  usua l l y  
accepted tha t ty ros i nase act i v i ty does not start  un t i l  T 1  i s  comp l exed 
w i th the me l anosoma l  f ibers , form ing  T4 . There fore , t he  idea o f  
tyros inase poss i b l y  be ing a s t ruc tura l en t i ty has  been proposed 
( Hear ing et a l . ,  1 973 ) . Due to t h i s  assumpt ion , i t  has been specu l at ed 
tha t aberran t ma t r i x  f i be rs cou l d  a l ter tyros inas e  act i v i t y and 
l ikew ise an a l tered tyros inase cou l d  lead to abberrant f iber  
organizat i on < Moyer , 1 966 ) . A l though s t ructura l l y  abe r ran t mat r i x  
f ibers are present  w i th in the Ay / �  me lanosome , me l anogenes i s  can 
obv i ous l y  s t i l l  procee d . I t  was though t that phaeome l an in  cou ld be a 
struc tura l var i an t  o f  eume l an in . Prot a ( 1 980 ) s t a t es tha t 
phaeomel an in  is  no t a structural  va r i an t  o f  eum e l an in . 
The maJ o r  e f fects  o f  MSH on the st ructural  aspect o f  Ay / �. 
me l anocytes and �� � mel anocy t es were : ( 1 )  a reduct ion  in  me l anosoma l 
s ize , bu t on l y  i n  s tages I and I I  w i th respect to �� � m e l anosomes , C 2 )  
increase in ma t r i x - o rgan i zat i on .  The reduct ion i n  me l anosoma l s ize  
cou l d  be due to  an i n creased rate  o f  melanogenes i s  on t he who l e . 
Changes i n  ce l l  mo rphol ogy and rate  o f  prol i fera t i on have been 
a t t r i buted to  MSH ( Pawe l ek and Korne r , 1 982 ) . Tam a t e  and Takeuch i 
( 198 1 )  repo rted an i nc rea�e i n  number o f  mel anosomes due to  MSH . Th i s  
increased ra te o f  me l anosome produc t ion could  increase t he ra te  o f  the 
budd i ng o f f  process  of the me l anosome from the G E R L , . resu l t ing in  
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sma l ler  me l anosomes . L i p id - dependen t - g l ycosy l a t ion � i th in the R E R  and 
GER L  could  be  exc i ted through M S H  i nduced k inases . �h i ch cou l d  exp l a i n  
the increase in  organ i zat ion o f  t h e  me l anosoma l mat r ix f ibers and 
t yros i nase act i v i ty seen in  �� � me l anocy tes when exposed to  �SH . 
The maJ o r  e f fects  o f  the Ay a l l e l e  on the s t ructura l aspect  
o f  me l anogens i s  were : ( 1 ) decreased ma t r i x  organ i z a t i on , ( 2 1  increase 
o f  VG body i ncorpora t i on � i th i n  s t age I I  mel anosomes of the �� � 
mouse . The l etha l ye l l ow a l l e l e  cou l d  a f fect me l anosoma l mat r i x  
organ i za t ion  through a fau l ty  g l ycosy l at i on mechan i sm or  b y  chang i ng 
leve l s  o f  i n trace l l u l ar cyste i ne . The i ncrease o f  VG body 
i ncorpora t ion b�t ween stages I and I I  � i t h i n the Ay / �  me lanocyte  
t reated w i th M S H , however , i s  ra the r  cur i ous . An  increase has  a l so 
been obse rved by J i mbow et a l . ( 1 979 ) , a l though the  increase was 
not i ced w i th i n  �� � mel anocytes  not  trea ted � i t h M S H . J i mbow e t  a l . 
( 1 979 1 a l so observed an increase o f  VG body i ncorpora t i on w i th i n  the 
un t reated a / a  me l anosoma l stages I and I I  of the ha i r  bu lp me l anocyte . 
I n  cont ras t , F l e i schmann C 1 980 ) repo rt ed a dec rease o f  VG body 
incorporat i on in a / a  me l anosomes . My data a l so re f l ec ted a dec rease 
o f  VG body i ncorpora t i on � i th i n the a / a  MSH t rea ted me l anosomes . Why 
· there i s  an i nc rease o r  decrease in  VG body inco rpo ra t ion , and . how 
th i s  i s  a f fect ed by  the d i f feren t a l l e l es i s  a mys tery . Th i s  
phenomenon � i l l  b e  addressed i n  mo re de ta i l  l a te r .  
A l t hough MSH increased mat r ix organ i z a t ion , t he l e tha l ye l l ow 
a l l e l e  exer t ed i t s e f fect to such a degree th�t MSH cou l d  no t ove rcome 
i t . The ef fect MSH had on · the VG body inco rporat ion _ cou l d  not be 
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nume r ical l y e l uc ida ted because o f  l ack o f  data  o f  vc body 
incorporat ion w i t h i n  un treated �� � and �� � me l anosomes  . . A �  far as  
the  ef fect o f  MSH  on s ize , dat a  show that  M S H  does indeed decrease 
me l anosoma l s i ze .  S i ze  m ight J US t  be a re f l ect ion  o f · the rate o f  
me l anogenes i s .  · A l toge ther , one o f  the most importan t aspect s  o f  t h i s 
study was to see whe ther  MSH cou l d  overcome the l etha l  ye l l o� a l l e l e  
aberra t ion  concern ing ma t r i x  organ izat ion . The da t a  show that  M SH d id 
not overcome the aberrat i on due to the letha l  ye l l ow a l l e l e . A l though 
MSH can pa rt i a l l y m im ic the act ion of a / a - induced eume l anogenes i s , the 
transformat ion was incomp le te . 
Qua l i ta t ive Resu l t s 
When t he phot og raph ic p l a tes were compa red w i th the resu l t s 
o f  other invest i ga tors  C Gesch� ind et  a l . ,  1 972 ; Sug i yama , 1 979 ; 
Takeuch i ,  1 985 ; J i mbow e t  a l . , 1 979 ; and F l e ischmann , 1 980 ) , the 
character i st ic  fea tures  of the phaeome l anosome and the  eume l anosome 
were st r ik ing l y  appa rent .  The p l ates o f  Takeuch i ( 1 985 ) and Gesch� ind 
et  a l . ( 1 972 ) we re compa red w i th ex t ra care , for these resea rche rs 
invest igated the e f fects  of MSH on Ay / � me l anosome s . The ou tcome o f  
the compar iso·n w a s  tha t the photograph ic  p l a tes o f  th i s  study showed 
the same me l anosoma l pa t terns as re f l ected in the p l a te s  o f  Takeuch i 
( 1 985 ) . Geschw i nd e t  a l . ( 1 972 ) showed M S H  induced Ay / � neona t a l  
phaeome l anosomes wh ich  st ruc tura l l y m i m icked eume l anosomes . The Ay / � 
MSH induced phaeome l anosomes used in  the prese n t  s t udy  were o f  adu l t 
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regenerat ing ha i rbu l bs and d id not re flec�  such a t rans forma t ion  as 
seen by Geschw ind et a l . ( 1 972 ) . Da ta o f  th is  s t udy were a l so 
compared to those from I mokawa and � ish i ma ( 1 986 ) , I mokawa e t  a l . 
( 1 988 ) , M i sh ima and I mokawa ( 1983 ) . , Sakura i et  a l . ( 1 975 ) , and Mau l 
and Brumbaugh ( 197 1 ) .  A l though these invest igators used d i f ferent 
t issue me l anocyt es in t he i r  study , the ana logous fea t u res o f  e i ther 
phaeome l anosomes or  eumel anosomes were aga in  str iking . 
Due to c l oser scrut iny o f  VG bod ies , th i s  researche r  proposes 
a fe� nove l step� in the presen t mode l of me lanogenes i s , s t ructural l y  
as we l l  a s  b iochem ica l l y . I w i l l  use observat i ons made f rom my  own 
photograph ic p l ates  and others . Cur ren t p l ub l i shed b iochem ica l  da ta 
w i l l  a l so be in tegrated i n to th is  new mode l of me l anogenes i s .  
Upon c l oser exam i nat ion o f  V G  bod ies observed i n  A.y / - m i ce ,  
w i th or w i thout MSH t rea tmen t ,  the fo l l ow i ng papers were  rev i ewed : ( 1 ) 
Geschw ind et a l . ( 1 972 > , Sakura i e t  a l . ( 1 975 ) , F l e i schmann ( 1 980 ) , 
Takeuch i ( 1 985 ) , and Japs ( 1 987 ) . By reexam inat ing t he p hotog raphs 
presented in these pub l ica t ions . and photographs o f  th i s  study , 
be l ieve tha t VG body me l an i za t ion does no t � as desc r i bed  i n  the 
· l i terature . Presen t day assump t ion v iews �/ - me l anosoma l VG bod ies 
as be ing me lan i zed , e i ther on the ou ts ide of  the i r  membrane or  f rom 
w i th in . In my ·v i ew , the me l an i zed bod ies of app rox i m a te l y  40 nm  in 
s i ze in �/ - me l anosomes , p resumed to be the VG bod ies , ac t ua l l y  do 
not conta in  a mem b rane . A l so · , the actua l s i ze  o f  these me l an i zed 
bod ies appears to be more va r iabl e  then previous l y  ment ioned . I have 
measured me l an i zed areas w i th in Ay / � me lariosomes , w i th o r  w i thout MSH  
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t reatmen t , and t he s i ze o f  me l an ized components  can vary from as sma l l  
as 1 0  nm to  as l arge as hal f o f  the area ins ide the me l anosome . The 
accepted v iew o f  today has been abl e to exp l a i n the l a rger  m e l a n i z ed 
components ; 40 nm  me l an iz ed VG bod ies fuse together  t o  g ive r i se to 
the l a rger me l an i zed me l anosome componen ts . The p resence o f  me l an ized 
component s  sma l l e r  than 40 nm has never been add ressed . Due to c l ose 
scrut iny o f  pho tog raph ic mate r i a l ,  i t  has become ev iden t tha t the 
sma l l est  componen ts  presen t w i th i n the me l anosome capa b l e  of be ing 
me l an i zed a re approx i mate ly  1 0 - 25 nm in s i ze . The l arger m e l an i zed 
componen ts , inc l ud i ng the 40 nm me l an i zed bod i es , a re a cong l omerat ion 
of  these 1 0 - 25 nm me l an ized componen ts  ( see . F ig .  18  and p l ate  3 ) . 
4 0  nm . VG body 1 0 - 25 nm . components  
F igure 1 8 . I l l us t ra t ion o f  the sma l l est  me l a n i z a b l e  compoMen ts  
Upon c l ose exam inat ion o f  the  n fu z z y � coa t o f  the  coated 
ves icles , i t  became e v i den t that th i s  " f u z z y " coat is  no t a s  " fuzzy " 
as has been assumed . I n  so�e CVs , the coa t o f  the  coa ted ves i c l e  
con ta i ned sphe r i ca l  componen ts approx ima t e l y  1 0 - 25 nm in  s i ze  ( see 
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F i g .  1 9  and p l at es 5 ,  6 ,  7 ,  and 8 ) . Th i s  study proposes tha t the 
c c  
F igure 1 9 .  Coa ted ves ic l e .  
1 0 - 25 nm sphe r i ca l  bod ies  observed on the coa ted ves i c l es and ins ide 
the me l anosomes a re , in act ua l i ty ,  one and the same . To keep matters 
uncompl ica ted , these 1 0 - 25 nm spher ica l bod ies found on the coa ted 
ves ic l es and w i th i n  the me l anosome , w i l l be re ferred to a s  coa t 
components C CC ) . The p resence o f  CVs w i th i n  the me l anosome has been 
observed < see p l a te SD > .  The presence of non - CV ' s  w i th in me l ano�omes 
has a l so been . observed . As  men t i o n ed by F l e i schmann ( 1 980 ) " No 
invest igator has demonst ra ted a c l ear  re lat ionsh ip  be tween t he CV ' s  
· wh ich fuse w i th  the l im i t i ng  membrane and the m ic roves i c l es < VG )  ·wh ich 
reappear w i th i n the me l anosomes " .  Mau l and Brumbaugh ( 1 97 1 ) sta te  
• . . .  the coat is  l os t  a t  t he t ime o f  con tact and memb r a n e  fu s i on . " 
Hav ing observed t he p resence of  CVs w i th in the me l anosome suggests 
t ha t  the coa t is  not l ost . The p resene of  CCs w i th i n  the me l anosome 
suggests that the CCs d i sconnect from the CV and leave beh i n d  the VG 
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body . Th i s  exp l a i n s  t h e  p resence o f  the VG bod i e s  w i t h i n t he 
me l anosome . I nc o rpo r a t i on o f  a CV can be v i ewed i n  p l a t e  58 . 
E xam i na t i o n  o f  t h e  a / a  m e l anosomes showed . t h a t  t he CCs a t tach 
t o  t he ma t r i x f i be r s  p resen t and g i ve r i se t o  a � pe a r l  neck l ac e " 
appearance , wh i c h  h a s  been n o t i ced i n  a l l a / a  me l anosomes w i t h  o r  
w i thout MSH t rea t men t .  The " pe a r l  neck l ace � appe a r a n c e  o f  t h e  m a t r i x 
f ibers , a f t e r  CC a t t ac hmen t , has a l so been obse rved i n  t h e  m a t e r i a l  
rev i ewed . Amaz i n g l y  howeve r , Ay / �  m e l anosomes showed a marked dec re a s e  
i n  CC a t t achme n t t o  t he ma t r i x f i be rs . I n  the pho t o gr aph i c  m a t e r i a l s 
rev i ewed , me l an i za t i o n  occu r red on l y  aro und the CC . CC a re t h e re f o r e  
t h e  ac tu� l s i t es f o r  me l an i n  po l yme r i za t i on and n o t  t h e  ma t r i x  a s  w a s  
assumed . T h i s  phenomenon bec o m e s  " beau t i fu l l y •  appa ren t i n  t h e  m o sa i c  
me l anoso m e s  wh i c h  a re c rea ted b y  e x po s i n g  Ay / � m e l anocy t e s  t o  M SH . 
S i t e s  o f  me l an i z a t i o n  a re t h e  CC and n o t  t he ma t r i x  i t se l f ( see P l a t e  
3 ) . Due t o  abe r ra n t m a t r i x f i be r s  i n  t h e  Ay / � m e l anosomes CC canno t 
a t tach and t h e re fore become " f l oa t i n g  s i t es " o f  me l an i za t i o n .  
P r ecursors o f  t h e  me l an in po l ym e r  a re ca l led m e l an i n  monome rs , i . e . 
DH I CA ( see F ig .  3 ) . Me l an i n monome rs a r e  though t t o  be p roduc ed o n l y  
w i t h in t h e  m e l anosome b u t  me l an i n  monom e rs have been s ho w n  t o  oc cu r 
w i th i n t h e  CV ( Ha t ta e t  a l . ,  1 988 ) . M e l an i n monomers p resen t w i th i n  
t h e  CV a re r e l eased i n s i de t h e  m e l anosome and a r e  sub seque n t l y  
po l ymer i zed a t  t h e  CC l eve l . T h e  CCs cong l o m e r a t e  d u e  t o  
po l yme r i za t i on o f  me l an i n .  Th i s  e x p l a i n s  w h y  Ay / � m e l anosomes show 
these d is t i n c t  but rando m l y  p l ac ed a reas o f  m e l an i n  depos i t i on w h i l e  
the a / a  me l anoso m e s  c o n t a i n  a p ro p e r  � a t r ix fo r CC a t t ac h me n t .  
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Me l an in po l yme r i za t i on occu rs in  even l y  d i st r i b u ted a reas , name l y  
around the C C  l in ing the ma t r i x f i be rs ( see P l at e  5 a n d  F i na l Note ) . 
Further  . exam i na t i on o f  the mat r i x f i be rs , u s i ng the s t udy o f  
M ish ima and I mokawa ( 1 983 ) , revea l ed t ha t  a f te r  t un i carnyc i n  exposu re 
of me l anoma ce l l s , the m e l anosomes con ta i ned mat r i x f ibers 
rem i n i scen t  of Ay / �  ma t r ix f ibers . Tun i camyc i n  i s  a gl ycosy l a t i o n  
inh i b i tor . These unme l an i zed f i bers d i d not  con ta i n  CC . Th i s  
observa t ion sugges t s  that  mat r ix f i bers con t a i n  g l ycosy l a t ed s i t es 
for the adhe rence of CC . M i sh i ma and I mo kawa ( 1 983 ) s t a ted t ha t  CVs 
had "A f i ne sp i ke s t ruc t u re at the i r  pe r i phe ry . . .  � .  U pon exam i n a t ion 
o f  t he i r  pho t og raphs , t he sp i ked st ruc t u res did no t a ppea r sp iked bu t 
rather sphe r ica l . Th i s  s t udy po r t rayed one CV wh ich con ta i ned a 
sp i ked s t ru c t u re a t  i t s pe r i phery . I ts occu r rence i s  ex t reme l y  rare 
and can be eas i l y exp l a i ned . A spher i ca l  obJ ec t  grazed w hen 
sect ion i ng ,  w i l l  p roduce a l i ne as a rep resen ta t i on o f  that sphe r i ca l  
obJ ec t . The re fo re , s i nce t he sp iked occur rence i s  ext reme l y  rare and 
exp l a i nab l e , the coa t of the CV s may no t be sp i k ed bu t s p her i ca l  
st ruc t u res , i . e . , sphe r ica l coa t componen t s  C CC ) . 
Cross - s t r i a t ions occur a t  a pe r iod ic i t y o f  a p p rox i ma t e l y  1 0 . 5  
· nm < Moyer , 1 966 ) . Because CC are o f  s im i l ar s i z e , ( be s i des be i ng the 
s i tes o f  me l �n i n  po l ym e r i za t i on ) , they a l so se rve as s i t e s  f o r  the  
pr�duc t 1on of  crqss - s t r iat i on s  C see 3 - 0  M a t r i x ) .  
Mosa i c  me l anosomes , m e l anosomes con ta i n i n g  phaeome l ano t i c  and 
eurne l ano t ic fea t u res , as men t ioned by Takeuch i ( 1 985 ) and observed i n  
t h i s  study ( see p l a t e  3 ) , add ex t ra in forma t i on a bo u t  me l anogenes i s . 
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S ince MSH a f fec t s  t h e  ra te o f  me l anogenes i s  t h rough i n c reas i n g  t h e  
act i v i ty o f  t y ros i n a se and poss i b l y  t h e  adh e rence o f  C C  t o  ma t r ix 
f i bers , i t  i s  l i ke l y  tha t ty�os i n a s e  i s  g l ycosy l a ted nearby t h e  s i t e s  
wbere m a t r i x  f f b e rs a re g l ycosy l a ted . 
D i sp u t e s  ove r w he t h e r  t h e  a l b i n o  l ocus i s  t h e  l ocus w h i c h  
e ncodes for t h e  ty ros i na se p ro t e i n  o r  p l a y s  a ro l e  i n  de t e rm i n i ng t h e  
i n t race l l u l a r d i s t r i bu t i on o f  t y ros i nase are very c u r i ous . M u l l e r 
e t  a l . ( 1 988 } a n d  R u p pe r t  e t  a l . ( 1 988 ) have shown t h a t  the a l b i n o  
l ocus o r  a s i t e v e ry c l o se t o  t he a l b i no l ocus e n c o d e s  t y ros i na s e . 
I mokawa e t  a l . C 1 988 ) repo r t ed t ha t ha i r  bu l b  me l anocy t e s  o f  
c h i nch i l l a < cch / cch ) m i ce exh i b i t  a norma l l ev e l o f  t y ros i na s e  
act i v i ty i n  me l an ogen i c  o rgane l l es i n c l ud i ng t he G E R L  a n d  c o a t e d  
v e s i c l es . Howe ve r , t h i s  i s  no t t ru e  for me l anoso m e s . F u rt he rmo re , 
me l an i za t i o n  d o e s  no t p roceed desp i te t he p resence o f  n o rm a l 
s t ruct u res w i t h d i st i n c t  pe r i od i c i t y , and MSH does n o t  i nd u c e  
me l an i z a t i o n . D u e  t o  the p resence o f  norm a l  m a t r i x f i be rs , C V  
p rogres s i on appe a rs t o  b e  una f fec t ed . T h e  prob l em c o u l d  t h e re fo re l i e 
w i th in t he me l a n o so me . · The poss i b i l i t y o f  the ex i s t ence o f  a m e l an i n  
po l yme r i za t i o n  agen t has n o t  b e en addressed t o  m y  k n ow l edge . Me l an i n  
· monomers po l ym e r i z e spo n taneous l y  i n  v i t ro , b u t  i t  cou l d  b e  t h a t  th i s  
does no t occur i n  v i v o . A s i t e nea rby the a l b ino l oc us cou l d  encod e  
fo r a po l yme r i za t i o n  a g e n t  and t h e  ch i nch i l l a  mouse a l l e l e  a l t e r s  t h i s  
po l ymer i z a t ion a g e n t  mak i n g  i t  non - func t i ona l . 
Lam o reux a n d  Pende rgast ( 1 987 ) cha rac t e r i z e d  t ne v e ry 
· cur i ou s  mouse A y / � c p / cp ( l e t h a l  ye l l ow p l a t inum ) m o u s e . T h i s  mouse 
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showed decrease d  TH and DO ac t i v i ty , n o rma l DCOR ac t i v i t y bu t no 
p roduc t i o n  of m e l an i n  w i th i n t h e  me l anosomes . The above p ro posed 
. mod e l  coy : d  e x p l a i n t h i s .  The � a l l e l e  a f fec t s  bo t h  t he t y ros i nase 
mo l ec u l e  and / o r  an en t i ty con t a i n i n g  DCOR a c t i v i t y  as we l l  a s  t he 
agen t· n e eded f o r  po l y m e r i z a t i on . The DCOR s i t e  on t y ros i na se , i f  i t  
ex i s t s , o r  t h e  en t i ty con ta i n i n g  t h e  DCOR ac t i v i t y can be a f fec t ed b y  
t h e  A y  a l l e l e < Ba rbe r e t  a l . 1 985 ) , b u t  due t o  an abe r r a t i o n  w i t h i n 
t h e  am i no ac i d  sequence , the Ay a l l e l e  canno t a f fec t t he DCOR . s i te on 
the � t y ros i na se o r  t he en t i t y con ta i n i n g DCOR act i v i t y .  The reason 
fo r t h e  a bsence of me l an i n cou l d  be d u e  to an abera t i o n  o f  t he 
po l y�e r i z i n g  agen t . 
I nvo l u t i ons a t  the me l anosorna l l e ve l have usua l l y been 
t hough t o f  a s  ev i dence for t h e  i nco rpo ra t i on of non - coa ted VG bod i e s . 
I nvo l u t i o n s  a t  t h e  me l anosorna l l eve l ha v e  been no t i ced by F l e i sc h m ann 
( 1 980 } . They have a l so been obse rved in t h i s  s t udy ( see p l a t e 8C ) .  
Ano th e r v i ewpo i n t  compa t i b l e  w i t h  t h e  above w i l l  be p resen ted . Once 
the CV l oo s e s  the CC i n s i d e  t he . me l anosome , a n naked n CV body ( V G J  i s  
l e f t .  The m e m b rane o f  t h i s  en t i t y  i s  n i cked t o  r e l ease i t s con t e n t s . 
Once a l l c o n t en t s  have been re l eased , t h e  m e m b rane i s  moved towa r·d t he 
memb rane o f  t h e  m e l anosome and cou l d  e i t h e r  b e  i ncorpo ra ted i n t o t he 
me l anoso m a l  l i m i t i ng membrane o r  l e a ve the me l a n o so m e  as a VG body . 
The inco r p o ra t i on o f  th e  VG body memb ran e t he ex i t i ng o f  a VG body 
g i v e s  the sam e  a p pea rance as a V G  body en t e r i ng t h e  me l anosome ( se e  
F i g .  20 ) .  W i th respec t to non - coa t ed ves i c l e s a ppea r i ng w i t h i n c l ose 
.v i c i n i ty o f  t he me l ano some , t hese ves i c l es cou l d  be p a r t  of t he GE R L  
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system . The GERL sys tem i s  very t u b u l ar and o f  cou rse a l so subJ ec t  t o  
cut t i ng a ng l e  and l oca t ion . 
F igure 20 . VG body l eav i ng the me l anosome . 
- The me l anosomes , as they m a ture , appea r to be connect ed to  
t h e  GER L sys tem ( M au l , 1 968 ) . Th i s  s t udy a l so observed melan osom al 
connec t i on s  bu t cou l d  not va l i da t e  whether t hese connec t i ons were i n  
fac t  to the GERL ( see p l ate  8A > .  Connect i ons be tween d i f fe ren t 
me l anoso m a l s tages h a s  a l so been observ ed ( see p l a te 4C ) .  These 
connect i on s  cou l d  be ex t reme l y  use f u l  i n  the ba l an c i ng o u t  o f  
m a t e r i a l s  needed f o r  mel anogenes i s . For examp l e , i f  � n  a l �os t 
comp l e t ed me l anosome con ta i ns l e f t - over me l a n i n  monome rs , these then 
cou l d  be t ranspo rted to a me l anosom e  i n  an  ea r l i e r  s t age o f  
ma t u ra t i on . Th i s  t ranspo r t  wou l d  be most e f f i c i e n t  i f  the m e l ano some 
i n  need o f  the  monom e r s  i s  in d i rec t con tac t  w i t h the  me l anoso m e  
con ta i n i ng t h e  surp l us amoun t o f  monomers . 
H a t t a  e t  a l . ( 1 988 ) sho�ed the presence o f  m e l an i n  monom e r s  
w i t h i n  t h e  CV . Th i s  suggests  tha t t y ro s i nase i s  ac t i ve be fore i t  
comp l exes w i th the ma t r ix f ibers . 
F i gu re 2 1  dep i c t s  a hypo th e t i ca l  me l anogenes i s  mode l . The 
. fo l l o� i n g  w i l l , in a step by step  fash ion , desc r i be the p rocess o f  
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F i gu re 2 1 . Hypo t he t i ca l mode l o f  me l anogenes i s .  
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me l anogene s i s  i n  t h i s  mode l : ( 1 )  A l b ino l ocus i s  t ra n sc r i bed . The 
a l b i n o  l oc u s  t ranscr i p t  i s  a l t e rna t i ve l y  sp l i ced t o  g i ve r i se to two 
or more f o r m s  of t y r o s i nase , one be i ng for the conve r s i on o f  t y ros i ne · 
i n to t h e  me l an i n mono m e r  DH I CA , hav i ng TH and DO act i v i t y · < Te l , t he 
o th e r  f o r  t h e  p o l yme r i za t i on o f  t h e  m e l an i n  mono m e r  DH I CA ,  h av i ng I CF 
act i v i ty < Tp > . The m a t r ix i s  encoded for a t � �  £, ��  £,  and many o t h e r  
l oc i  < He a r i ng e t  a l . , · 1 973 1 · .  A l l  t ransc r i p t s  a re t r a ns l a t ed a t  t he 
r i bosomes o f  t he RER ; ( 2 1  A f t e r  t rans l a t i on , t h e  p ro t e i n s  a re 
N - g l ycosy l a t e d  v i a do l i cho l - l i ke o l i gosacch a r i des ( A l be r t s  e t  a l . ,  
1 982 > ; ( 3 )  M a t r i x componen t s  a re t ranspo rted t o  t h e  p reme l anosome 
wh ich is budd i ng o f f  t he GERL s y s t e m  wh i l e  t he t y ros i n a se spec i e s  a re 
t ranspo r t ed t o  t h e  a rea o f  t he GER L  system near t h e  Go l g i  com p l ex ; ( 4 )  
The t y ro s i n a se s p ec i e s  are fu r th e r  g l ycosy l a ted , p roce ssed , _ and a re 
packaged w i t h i n CVs t o  be t ra n s po r t ed to t he p rem e l anosome . I t  i s  
poss i b l e  tha t w h i l e  be i ng t ra n s po r t ed , one s pec i es o f  t y ros i na se C Tc )  
und�rgoes a s t ru c t u ra l and / o r b i ochem ica l  t rans fo rma t i o n , becom i n g  T4 . 
Th i s  ·t rans f o rm a t i on cou l d  resu l t i n  t he act i v a t ion o f  Tc w h i l e T p , n o t  
unde rgo i n g  t h e  t ra n s f or ma t i on , rema i n s  dorman t . Me l an i n  m o n o me rs a r e  
p roduced and f i l l t h e  CV . The me l a n i n  mono m e r  con t a i n e d  w i t h i n t he CV 
. i s  DH I CA wh i ch c o u l d  h a ve an i nh i b i t o ry e f fec t on ty r o s i n a se l i ke DH I 
< Ko rne r and Pawe l ek , 1 982 ) , t h e re f o r e  i n h i b i t i ng t h e  sy s t em w i t h i n t h e  
CV s o  t h a t i t  w i l l  no t p roceed b e y o n d  t he p roduc t i o n  o f  D H I CA ;  ( 5 1  The 
CV is i ncorpor a t ed i n t o  the me l a nosome . Once i ncorpo ra t ed , the CC ' s  
d i sconn�tt t o  adh e r e  t o  t h e  m a t r i x f ibe r s . The CC ves i c l e s  a re s i tes 
. fo r the po l ym e r i za t i on of me l an i n  monomers and bec o m e  recogn i t i o n  
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s i tes for the cross - s t r iat ions when at tached to the ma t r ix f ibe r .  Tp 
and the mel an i n  monomers are rel eased by l ys i s  of the now " naked 11· CV 
< VG )  body mem brane . The mel anosoma l  env ironment a� � ivates Tp and 
me l an in  po lyme r izat ion is i n i t iated ; · ( 6 )  The VG body membrane 
reanneal s . to become i ncorporated into  the outer  me l anosoma l mem b rane 
or  leaves the me l anosome as a VG body , possib l y  for the remova l o f  
mel an izat ion by - products . The premel anosome i s  now ma tur i ng and 
connect ing w i th one or more preme l anosomes ;  ( 7 )  Once me l an i n  
depos i t ion cease s , poss i b l y  due to po lyme r i za t ion s i de - products hav i ng 
an inh i b i tory e f fect on Tp , ext ra mater ial s are t ransported to  the 
attached preme l anosome and d i sconnect ion  f rom the GER L  and o t he r 
me l anosomes fo l l ows ; ( 8 )  The ma ture me l anosome is  transport ed i n t o  t he 
dendr i tes o f  the me l anocyte . 
The Mosa ic  Me l anosome 
Adu l t . l etha l yel low �� � m i ce in J ected w i th MSH ga v e r i se t o  
a un ique me l anosome , name l y  t h e  mosa ic  me l anosome . The ab sence o f  
typ ica l eume l anosome - l i ke ma t r i ces i n  our MSH - t reated �� � m e l anosome s 
bu t wh ich were obse rved by Geschw ind et  a l . ( 1 972 ) may be du e to  t � o  
factors , i . e .· , spec i f ic M SH treatment  p ro toco l and age o f  m ice . We 
in j ec ted prev ious l y  p l ucked adu l t m i ce ,  60 - 80 days of age , o n  days 4 - 8  
o f  the i r  ha i r  regen e r a t ion cyc l e  w i th 25 . 0  u g  a - M SH / 1 00 u l  PBS . I n  
con trast , Geschw ind e t  a l . ( 1972 > i n J ected C( - MSH C 1 5 . 0 u g / 50 u l  o f  
·beeswa x - pean u t  o i l ) i n t o  neonatal  m ice ( 3  t o  6 - day - o l d  m i ce )  as e i ther  
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a s i ngle  or th ree i nd iv idua l in J ect ions dur ing the 24 hour per iod 
preced ing sacr i f ice . Both the un ique endocr ino l og ica l sta tus o f  
neona te versus adu l t m ice and t he - MSH treated �� � melanosome 
ontogeny bet�een our data a n d  those of Geschw ind et  a l . ( 1 972 ) . To 
ver i fy that mouse age is  a cr i t i ca l  factor � i th  respect to M SH 
response , Burch i l l  et  al . ( 1 986 ) showed that ha i rbu l b  me l anocy t es o f  
C3H - He Avy / Avy m i ce are respons i ve t o  MSH at puberty but re fractory 
to �SH as adu l ts .  
· W i th respect to mosa i c  me l anosomes and poss i b l e  cyste i ne 
invol vement , B rum baugh ( c i t ed by Geschw i n d  e t  al . ,  1 972 ) suggested 
tha t  . .. s
.
u l fhydry l s  rea c t � i th the ma t r i x subun i ts  so t ha t c r oss l i n k i n g  
and st rand forma t ion is  reduced . . .  " 
Whether MSH a l ters gl ycosy l a t ion  or cyste ine l eve l s  or bo t h , 
the hypothet ical mode l fo r mel anogenes i s  p roposed i n  t h i s s t udy cou l d  
prov ide some add i t i on a l i n fo rma t ion . I t  i s  m y  v i e w  t ha t t he �a in 
d i f ference be tween the MSH - induced mosa ic melanosomes o f  t he �� � 
mouse · and the MSH - induced me l anosomes o f  the !' ! mouse are the coa t 
com ponen t s . I be l i eve t he c o a t c o m p o nen t s  t o  be t he e s s e n t i a l 
en t i t ies needed fo r t he product i on o f  an o rde red mat r i x · and su bseq uen t 
me l an i zat ion . I be l ieve tha t MSH i n c reased coa t componen t a t tachmen t  
to t h e  mat r i x· f ibers thereby i nc rea s ing ma t r ix o rgan i z a t i o n . Whe ther 
MSA i ncreased coat component a t t achmen t by al te ring gl ycosy l at ion or  
cyste ine leve l s , I do  not  know . F igures 22 , 23 , and 2 4  a re ske t c hed 
representat ions o f  mosa ic melanosomes found in th i s  study . F igures 
22 a and c are mosa i c  me l a nosomes com pa red to eume l anosomes in F i gures 
22 b and d ( see a l so F i gures 23 and 24 ) .  When mosa ic  mel ano so m es 
compa re� w i th M SH - i nduced eume l anosomes , the key d i f ference i s  
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are 
t h e  
ma t r ix organ i za t ion ynd subsequent me l an i za t ion pa t t e rn .  I f  the coa t 
components are the s i t e s  o f  me l an i za t ion and a t tach t o  t h e  ma t r i x 
f ibe rs , a s p ropo sed , t he m o sa i c  pa t t e rn s seen i n  t h i s  s t udy can be 
exp lained . MS H , by induc ing i n c reased coat compo n e n t a t t a c hmen t t o  
the matr ix  f ibers , i n c reased ma t r i x o rgan i za t i on . A s  fo r t he random 
but d i sc ret e a r e a s  o f  me l an i za t i on found w i t h i n t h e  mosa i c 
me l anoso mes , t he s e  a re con g l ome ra t i on s o f  coa t compon e n t s , wh i ch d i d  
no t a t t ach t o  t h e  m a t r i x  f i be r s , a r e he l d  togethe r b y  t h e  m e l a n i n 
po l ym�rs . 
The 3 - 0  M a t r i x 
Pl ate 9 shows me l ano somes hav i n g  been cu t a t  d i f fe r e n t  
an g l es . F rom me l ano s omes ,  l ike those shown i n  p l a t e 9 ,  I h a v e  
cons t ruct ed a 3 - 0  rep resen t a t i o n  o f  the a / a  me l anosm o m a l  m a t r i x  
con f igura t i o n . T h e  f i bers are con nec t e d  by c ro ss - s t r i a t i o n s  w h i c h a re 
connec ted to CC t o  f o rm shee t s  o f  m a t r i x  ( see F i g . 25 ) .  The CCs 
a re s i t es for the p l ac emen t  of c ross - s t r i a t ions . Th e s i t e s  w h e r e  t he 
c ro ss - s t r i a t ion s a t tach a re ap p rox i ma te l y  1 0 . 5  nm apa r t C see F ig .  26 ) .  
A l though t he ma t r i x i s  a com p l ex s t ru c t u re , i t  se rves a s  a 
fu nct io n a l  
an d econom i ca l  s t ruc t u r e  f o r  the p roduct i on and depos i t i on 
o f  me l an i n .  
F ig .  22 
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·�· 
c 
0 / 0  
A schema t i c repre sen t a t i on o f  M SH - i nduced �� � 
phaeome l a no somes ( mosa i c  me l anosome s > and M S H - i nd uced 
a / a  eume l anosome s . 
1 20 
c 
a ; a  
F i g .  23 A schema t i c rep resen t a t i on o f  MSH - i nd uced �� � 
phaeome l anoso m e s  ( mo s a i c  m e l an o som e s > and MSH - i nd uced 
a l a  eum e l anosome s . 
F i g .  24 
1 2 1  
c 
a ;  a 
A schema t i c  rep resen t a t ion o f  M SH - i n d uc ed Ay / a 
phaeome l anosome s  ( mosa i c  me l anosomes > a n d  M S H - i n d wced 
a / a  eum e l anosomes . 
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F igure 25 . Three d i me n s i ona l dep i c t i on o f  t he me l anosorna l ma t r i x .  
F igure 26 . I n te rac t i o n  be twee� CC and the c ro s s - s t r i a t i o n s . 
F i na l N o t e  A t h ree d i me n s i ona l pho tograph o f  m a t r i x  f i be rs w a s  
presen ted b y  D r . L e a  o f  t h e  Depa r t men t o f  A n a tomy , Un i v e r s i t y o f  
To r on t o , a t  the PanAme r i ca n  Soc i e ty for P i gmen t Ce l l  Resea rc h , 
Be t he sda , M D  i n  1 989 . I c a l l ed D r . Lea and conve rsed w i t h  h im abou t 
th is  three d i me n s i ona l pho tograph o f  the me l anosoma l m a t r i x . D r . Lea 
1 23 
men t i oned that the mat r ix appea red to  h im as a � co rncob � and that  
ind iv idua l � ke rne l s �  could  be observed . D r . Lea �as ·k ind enough to  
send me a copy of  the photograph for  measuremen t .  The H co rn6ob � 
appearance was ev iden t and the " kernel s "  ffieasured to be 1 9 - 30 nm . i n  
diameter . Th i s  i s  cons is ten t w i th measurements  in  th i s  study , tak i ng 
in cons iderat ion tha t th is  s tudy measured the t�o d i mens iona l aspect 
of the same componen ts . 
....... 
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AUTHOR ' S  NOTE 
Research  i s  most l y  an act iv i ty o f  prov ing and d i sprov ing 
theoret ical inferences . I n  other words . theory , theoret ica l 
inferences , and the product ion o f  actua l da ta go hand i n  hand w i th 
respect to research . The need f o r  factua l data is  essen t i a l . The 
need for crea t i ve t heoret ical  inferences is J USt  as essent ial . 
I nferences made f rom ava i l ab le b iochem ical and / or s t ruc tura l  data 
can g i ve r i se to the p roposa l of new mode l s .  New mode l s  are very 
use fu l for the p roduc t ion o f  testable hypo theses . The specu l a t i ve 
nature o f  hypo thes i z i ng is  the ma in source needed for the con t inu i ng 
exam inat ion of  the actua l nature o f  our sur round i ngs . The da ta  
obta ined by va r ious test ing procedures c a n  b e  used to  e i the r  p rove 
or d isp rove these o r i g i na l  theo re t i ca l  i n ference s . 
The statemen ts  made by th i s autho r  i n  the D i scuss ion sect 1 on 
of th is  report are mos t l y  specu l a t ive . Mos t o f  the sugge s t ed i deas 
are not substan t iated at p resen t by t he ex i s tence o f  unequ i voca l 
data . Nonethe less , the ideas p resent ed i n  t h i s  repo r t g i ve r i se t o  a 
new mode l o f  me l anogenes i s .  
Th is au thor hopes th i s  new mode l w i l l  be cons i de red 
ser ious l y  enough to g i ve r i se to c r i t i c i sm and subsequen t r e s e a r c h . 
I be l ieve th i s  mode l con ta i ns a t  l east enough t h e o re t i ca l , 
b iochem ical , and s t ruc t u ra l m e r i t  to be cons ide red w i t h  some deg ree 
o f  curious i ty .  
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Th i s  mode l should  no t be v ie�ed as a statemen t o f  fac t but 
as a suggest ion o f  
in ferences i n  t h i s  report 
exp l ana t ions . 
me l anogen ic  poss i b i l i t ies . 
are i n  actua l i ty quest ions 
Most s ta ted 
rathe r  than 
The proposed mode l conta ins w i t h i n i t  
exp l a in i ng aspects o f  me l anogenes i s st i l l  i n  
a capab i l i ty 
quest ion a n d  
o f  
I 
s i ncere ly  hope i t  w i l l be o f  use in t he con t inu i ng s tudy o f  
mel anogenes i s .  
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Suggest i ons For F urthe r S tud ies 
1 .  In t he l e thal  ye l l o� ( �/�) mouse , on l_y the ha i rbul b 
me lanocytes syn t hes ize phaeome l an in ;  a l l  other ex tra fo .l l icu l ar 
mel anocytes p roduce eume ran in  ( S i l vers , 1 979 > . Ay l�  me l anocytes 
l ocated in  the re t ina of the eye , a re not infl uenced by th i s  a l l e l e  
and therefore make eume l an in .  Th i s  could  be due to d i f ferent 
env i ronmen ta l factors and / o r  d i f ference in emb ryon i c  o r ig in . 
Me l anocytes in the ret ina and choro i d  o f  the eye are a popu l a t ion  o f  
ce l l s from m ixed embryon ic  background . Some have d i f fe ren t ia t ed f rom 
the ne�ra l crest wh i l e  othe rs from the p i gmen ted ce l l  l ayer . The eye 
cou ld  prov ide some very in terest i ng in format ion as to why these �� � 
me l anocytes in the eye make eumel an in and the ha i r  bu l b  me l anocytes do  
not . Hea r ing et  a l .  ( 1 973 ) reported tha t mat r ix f i be rs in  re t ina l 
mel anocytes were t rans l ated at  pc l ysomes . Gl ycosy la t i on w i th in the  
ha i rbul b mel anocytes occurs w i th i n the G E R L  system and i s  
l ip id - dependent . · I f  t rans l at ion i n  the re t i na l  me l anocy te occurs a t  
po l ysomes then g l ycosy l a t ion cou l d  occur through a sy stem wh ich i s  not  
l ip id -dependent .  One  cou l d  test  the hypothes is  that  g l ycosy l a t ion in  
ret i na l  me l anocy tes is non - l i p id dependen t us ing the sam e  mate r ia l s  
and procedures a s  desc r i be d  i n the study o f  M i sh ima  and I moka�a 
( 1 983 ) .  G l ucosam ine i s  a n  i nh ib i to r  o f  l ip id - dependen t  
gl ycosy l at ion . I f  ret ina l g l ycosy l a t ion i s  not l ip id - dependen t  the  
inh i b i tor  shou ld  have d i f feren t ia l  e f fect on  ret ina l m e l anocy tes  as  
compared to  ha i rbu l b  � e l anocy tes . 
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2 .  2 - D  E l ec t rophores is  o f  tyros inase spec i e s  f rom both  a / a  
and �� � ha i r  bu l b  o r  re t inal  mel anocy tes t reated o r  un treated w i th 
MSH , c - AMP , etc . E l ute  bands for TH , DO , DCOR , and I CF tes t i ng . 
3 .  Decay o f  c - AM P  a f ter  MSH removal and non - remova l .  Ful l e r  
et a l . ( 1 987 > per formed a s im i lar  test . The t ime o f  measur ing  the 
decay o f  c - AMP shou l d  be extended beyond 90 m inu tes . Th i s  cou ld  revea l 
� poss i b l e  wave pat t e rn o f  increas ing and decreas ing  concen t ra t ions o f  
c - AMP due t o  MSH . 
4 .  The test ment i oned in 3 shou ld  be per formed o n  cu l tured 
mel anoma ce l l s  in the same stage of the i r  ce l l cyc l e .  Test ing at 
d i ffer�nt ce l l  cyc l e  stages could  prov ide in forma t ion about the 
ava i l ab i l i ty o f  M SH receptors at  d i f feren t t imes o f  the ce l l  cyc l e . 
5 .  I nh ib i t  g lycosy l a t i on - spec i f ic l ipogenes i s . Th i s  cou l d  
reveal i f  l i pogenes i s  a f fect s  g l ycosy lat ion or not . 
6 .  Measure ha l f - l i fe o f  T3 < Burch i l l e t  a l . ,  1 988 ) i n  
ha i rbu l b  ce l l s  tha t a re expo sed t o  gl ycosy l a t ion i nh i b i to rs . Such 
inh ib i tors shou l d  preven t the gl ycosy lat i on from de novo tyros inase 
< T3 )  to gl ycosy l a ted t y ros inase C T 1 ) .  
7 .  Expose �� � and a / a  me l anocytes to  g l ycosy l a t ion 
inh ib i tors and measu re the amoun t of T3 p roduced . 
1 0 . E l ect ron M icroscopy : 
a )  Compare ontogeny betwee n  i1SH - induced Ay / � and a / a  neonata l  
me lanosomes and  adu l t ( regenerated ) me l anosomes . 
b ) Compare MSH - induced �� � and ye l l ow phase A / A  me l anosomes . 
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c )  E lectron m i croscopy o f  DOPA sta i ned ha i rbul bs . 
d )  Three d imens iona l e l ec t ron m icroscopy of  Stage I and I I 
mel anosomes . 
e )  Three d imens ional e l ec t ron m icroscopy of  coated ves i c l es .  
Pur i fy coated ve� i c l es by u l tracen t r i fugat ion . 
f )  Se rial  sect ion i ng o f  eumel anosomes to const ruct a 3 - d i mens iona l 
represen tat ion . 
g )  EM fo l l ow i ng ant i g l ycosy lat ion t rea tments  of a l a me l anocy tes . 
h )  EM  fo l l ow ing  g l ycosy l at ion - spec i f ic l ipogenes i s  inh i b i t ion . 
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APPEND I X  
The raw data i s  presen ted i n  numer ical co l umns . The fo l l ow i ng exp la ins 
what the numbers in t he col umns represent . 
1 st number : 1 o r  2 
2nd numbe r : 3576 
3rd number : 1 - 50 
4th number : 1 - 4 
5th  number : 1 - 4 
6th number : 1 -3 
7th  number : 1 8 1 . 3  
8th number : 145 . 1 
1 = a / a  me lanosomes 
2 = �� � me l anosomes 
Negat i ve number 
Me lanosoma l 
number o f  
negat ive 
number .  
me lanosomes 
Number re f lec ts 
raeasured for 
tota l 
each 
Mel anosomal 
Mat r ix cond i t ion 
stages ; 1 = 
2 = S tage I I  
3 = S tage I I I  
4 = Stage I V  
( see Mater ial s and 
Stage I V  me l anosome - ma t r i x  score 
VG body sco re ( see Ma te r i a l s  and 
Stage I V  me lanosome - VG body score 
�el anosoma .l l ength C nm >  
Mel anosoma l w idt h ( nm >  
Stage I 
Me thods ) 
imposs i b l e  
Met hods ) 
i mposs i b l e  
Note : The f i rst  28 pages ( 135 - 1 62 )  w i l l  separate the even 
numbered me l anosomes from the uneven numbered me l anosomes . 
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2 3 6 6 1 2 4  4 7 5 8 . 9 4 7 J . l. 
2 3 6 6 1  2 5  4 3 6 6 . 4  5 ) 3 . 7  
2 3 6 6 1  2 6 4 6 3 8 . 0  4 4 3 . 3  
2 3 6 62 1 1 1 3 !t 8 3 . o  3 5 9 . 4  
2 3 6 6 2 . 2 1 1 2 2 6 1 . 4  2 1 2 . 4 
2 3 6 6 2  3 1 1 1 · 2 J  5 .  9 1 5 6 . 9  
2 3 6 62 4 1 1 1 3 1  7 .  D 1 q 6 .  1 
2 3 6 6 2 5 l l ' 3 5 2 . 9  1 8 3 .  ;) J. 
2 3 6 62 6 3 ·!.t I 3 6 6 . )  2 5 1 . 6  L 
2 3 6 6 2  7 3 4 , l } 6 . 1 1 5  6 .  '-1 � 
2 3 6 6 2  9 3 4 , 4 C 5 . 2  2 6 8 . (..' ..1. 
2 3 6 6 2  9 3 4 1 2 6 1 . 4  1 9 6 . 1 J. 
z· 36 6 2  1 0  3 2 ., 3 5 2 . 9  2 4 3 . 3 :J 
2 · 3 6 6 2  1 1 3 , 1 ·- 3 2 0 . 2 1 3 :J . 7 J. J. 
2 3 6 6 2  1 2  4 2 9 4 . 1 2 5 1 . 6  
2 3 6 6 2 1 3  4 4 0 5 . 2  3 3 9 . 3 
2 3 6 6 2 1 4  4 5 2 2 . 8 3 9  2 .  l 
� 3 6 6 2 1 5  4 3 3 3 . 3 3 2 0 . 2  
2 3 6 6 2 1 6  4 3 3 6 . 6  3 2 6 . 8  
2 3 6 6 2  1 7  4' 2 1 5 . 7 1 6 3 . 4  
2 3 6 6 2 1 8  4 3 1 3 . 7 2 5 4 . 9  
2 3 6 6 2  1 9  4 2 6 1 . 4  1 8 3 . ') 
2 3 6 6 2  20 4 4 5 7 . 5 2 6 8 . �  
2 3 6 6 3 l 1 1 1 3 6  3 . 6  2 5 1 . 2 / 
2 3 6 6 3 2 3 1 1 4 4 2 . g  3 6 3 . 6  � 
2 3 6 6 3  3 3 4 , 3 5 3 . 7  2 4 4 . 6 L 
2 3 6 6 3  4 3 4 3 5 2 8 . 9  ftG 3 .  3 
2 3 6 6 3  5 3 3 1 5 6 1 . 9  2 6 4 . 4  
2 3 6 6 3 6 3 2 .., 6 6 1 . 1  3 4 3 . 8 .J 
2 3 6 6 3  7 3 1 ..,. 4 6 2 . d  4 2 9 . 7 ::J 
2 3 6 6 3  8 3 4 ..,. 4 <-J 5 . 8  2 7 1 . 1  ;) 
2 3 -6 6 3 9 3 4 -, 2 � 4 . 3 1 3 8 . 8  :J 
2 3 6 6 3  1 0  3 4 J 4 7 6 . :J 3 6 3 . 6 
2 36 6 3  1 1  3 4 , . 4 1 3 . 2  2 8 4 . 3 J. 
2 36 6 3  1 2  3 4 ''\ 42 9 . 7  3 1 7 . 3 4 
2 3 6 6 3 1 3  4 2 5 1 . 2  2 44 . 6  
2 " 3 6 6 3  1 4  4 2 0 8 . 3  1 9 8 . 3  
2 3 6 6 3  1 5  4 - - 2 3  8 . 1) 1 7 3 . 5 
2 3 6 6 3 1 6 4 - - 4·J 3 .  3 3 6 3 . 6 
2 3 6 6 3  1 7  4 - - 2 7 1 . 1  2 5 1 . 2  
2 3 6 63 1 8  4 5 5 5 . 3  3 3G .  6 
2 3 6 6 3  1 9 4 2 47 . 9 . 2 4 1 . 3  
2 3 6 6 3  2 0  4 3 5 7  • 1) 2 3 8  . (' 
2 3 6 6 3  2 1  4 2 6 4 . 4 1 6  5 .  3 
2 3 6 6 3 ·  22 4 - - 3 6 3 . 6 .  3 3 0 . 6  
1 72 
� 3 6 6 3 
_ _  3 6 6 3 
� 3  · 4  4 4 !
6 
5
. 
3 
1 4 5 . 4 
9 8 .  1 3 8 . 8  
2 3 6 6 3  2 5 4 2 7 7 . 7  2 6 4 . 4  . 
2 3 6 6 4  1 1 1 , 3 6 1 . 9  2 6 3 . 2 � 
/. 3 6 6 4  2 1 1 ..., 2 6 3 . 2  1 6 4 . 5 t.. 
2 3 6 6 4_ . 3 , l  1 ..., 2 30 . 3  1 8 4 . 2 � 
2 3 6 64 4 3 t , 6 2 5 . 1  4 6 :J . 6 .L 
2 3 6 6 4 5 3 1 ' 5 U 6 . 7 2.30 . J � 
2 3 6 6 4 6 3 , , 4 6 0 . 6  3 6 1 . 9 .L. � 
2 3 6 6 4  1 3 2 ""\ 5 2 6 . 4  2 8 9 .  5 � . .  
2 3 6 6 4 8 3 2 .., 6 7 7 . 8  3 8 1 . 7  J 
2 3 6 6 4  9 3 1 .., 5 9 8 . 8  5 J 6 . 7 � 
2 3 6 6 4 1 !)  3 4 , 3 5 5 . 3 3 i) 9 . 3 L 
2 . 3 6 6 4  . 1 1  3 4 .., 6 S H . O 44 0 . 9  '-
2 3 6 64 1 2  4 4 9 3 . 5 3 5 5 . 3 
2 3 6 6 4 1 3  4 4 9 3 . 5  3 2 9 • .  J 
2 3 6 6 4 1 4  4 3 9 � . 8  2 7  6 .  4 
2 3 6 6 4 1 5 4 4 93 . 5 2� 6 .  1 
2 3 6 64 1 6  4 5 5 9 . 3 3 6 1 . 9  
2 3 6 64 1 7  4 3 0 9 . 3  2 3 6 . 9  
2 3 6 64 1 8  4 2 9 6 . 1 2 63 . 2 
2 3 6 64 1 9  4 J 2 � . 0  1 6 4 . 5  
2 3 6 6 5  1 3 1 , 5 5 9 . 3  4 9 3 . 5  L 
2 3 6 6 5  2 3 1 .., 5 5 1 . 3  4 'j 3 . 5  :.J 
2 3 6 6 5  3 3 1 3 7 B Y . 6  4 9 3 . 5 
2 3 6 6 5 4 3 4 , 4 6 7 . 2  4 6 :J .  6 L 
2 3 6 6 5  5 3 1 , 5 4 2 . 9  5 1 0 . u  .L 
2 3 6 6 5  6 3 , .., 5 2 6 . 4  4 7 7 . 1 J. � -
2 3 6 6 5  7 3 4 1 3 J 8 . 2 3 5 5 . 3 
2 3 6 6 5  a 3 l , !t 6 1J . 6 40 1 . 4  L 
2 3 6 6 5  9 3 2 ..., 4 7 3 . 8  2 6 J . 2  :) 
2 3 6 6 '5  1 0  3 l , 3 6 1 . 9 l J 2 .  7 L 
2 3 6 6 5 1 1  4 - - 5 0 1 ) . 1 3 5 5 . 3  
2 3 6 6 5  1 2  4 5 6 5 . -1  4 6 0 . 6  
2 3 6 6 5  1 3  4 - - 5 9 2 . 2  4 2 1 . 1  
2 3 6 6 5 1 4 4 - - 3 2 9 . 0  1 9 'J . 8  
2 3 6 6 5 1 5  4 3 94 . 3 29 6 . 1 
2 3 6 6 5  1 6  4 - ....;. 4 -Q d .  0 4 C 8 . 0  
2 3 6 6 5 1 7  4 - - 3 6 1 . 9  3 6 1 . 9  
2 3 6 6 '5  1 8  4 - - 3 5 5 . 3 2 9 6 . 1 
2 3 6 6 6  t 1 1 , 2 1 4 .  1 1 6 2 . 1 .L 
2 3 6 6 6  2 3 . 1 , 4 77 . 2  3 3 6 . 5 � 
2 - 3 6 6 6 3 3 , ., 4 J tJ . 7  2 7  5 .  3 '"t :;) 
2 3 6 6 6 4 3 4 l 4 5 8 . 8 440 . 5  
2 3 6 6 6  5 3 � J 3 9 1 . 5 3 6 7 . 1 
2 3 6 6 6 6 3 2 � 5 5 o . 7  3 8  2 .  4 '" 
2 3 6 6 6  7 3 ' , 6 4 8 . 5 4 8 3 . 3  L .L. 
2 3 6 6 6  8 3 2 , 4 5 8 . d 3 7 3 . 2  L 
2 3 6 66 9 3 4 ..., 5 J 4 . 7 3 1 8 . 1 .:.J 
2 3 6 6 6 1 "0 3 4 2 4 6 4 . �  2 5 ·) . 8  
z- 3 6 6 6  1 1  3 1 .., 3 0 2 . 8  2 6 0 . J  � 
2 3 6 6 6  1 2  4 4 7 1  . 1  3 9 7 . 6  
2 3 6 6 6  1 3  4 3 8 -2 . 4 3 1 2 . () 
2 3 6 6 6 1 4 4 5 J 7 . a  4 3 4 . 4 
2 3 6 66 1 5  4 4 7 1 . 1 4 5 8 . 8  
2 3 6 6 6 1 6  4 4 5 8 . 8 4 4 :) . 5 
2 3 6 6 6  1 7  4 4 7 7 . 2. . 2 7 5 . 3 
2 3 6 6 6  1 8  4 5 1 3 . 9 4 5 8 . 3  
2 - 3 6 6 6 . 1 9 - 4 - -. 5 3 8 . 4 3 8  2 . 4 
1 73 
2 3 6 6 6  2 'J 4 4 5 8 . 8 3 3 0 . 4  
_2 __ _ 3 6 6 6 2 1  4 4 7 1 . 1 3 3 -:) . 4  
2 3 66 6  2 2  4 5') 1 .  6 4 2 8 . 2  
2 3 6 6 7  1 1 1 � 3 4 0 . - 3  2 6 1 . 8  � 
2 3 6 6 7  2 1 1 -- 5 2 3 . 6  2 6 8 . 3  J 
2 3 6 6 7  3 2 3 .., S C {J . 7 2 3 8 . 9  _;) 
2 3 6 6 7 4 3 1 1 -1- 8 4  • .3 3 J 3 . d  
2 3 6 6 7 5 3 2 , 5 6 9 . 4  . 4 5 8 . 1 ..1. 
2 3 6 6 7  6 3 1 ..., 5 3 -l) .  1 5 2 J . o  � 
2 3 6 6 7  7 3 1 .., 4 2 5 • ..:.- 3 5 q . 1  J 
2 3 6 6 7 8 3 1 , 6 2 1 . 7  5 0 3 . 9  ::J 
2 3 6 6 7  q 3 2 1 7 2  6 .  4 4 5 1 . 6  
2 .36 6 7  1 0  3 3 .... � 2 5 . 4  2 7 4 . q  ..) 
2 3 6 6 7  1 1  3 :4 3 7 6 5 . 7 4 9  7 .  4 
2 3 6 6 7  1 2  4 56 2 . a  4 6 4 � 7  
2 3 6 6 7 1 3 4 6 8 0 . 6  4 90 • a 
2 3 6 6 7  1 4  4 - - 3 9 9 . 2 3 2 7 . 2  
2 3 6 f> 7 l s 4 4 5 8 . 1 j!) l • 0 
2 3 6 6 7  1 6  4 3 92 . 7  2 9 4 . 5 
2 3 6 6 7 1 7  4 - - 5 46 . 5  4 9 0 . :.-J  
2 3 6 6 7  1 8 4 - - 2 9 4 . 5 2 6 1 . 8 
2 3 6 6 7 1 9  4 4 5 8 . 1 J 9 2 . 7 
2 3 6 6 7 " 2 0  4 6 9 0 . 4 s a 2 . 4  
2 3 6 6 7  2 1  4 1 2 7 . 2  2 4 2 . 1 
2 3 6 6 7  2 2  4 5 Z 3 . 6  4 5 B . l  
2 3 6 6 7  2 3 4 ·� 5 4 .  4 S 8  g .  ) 
2 3 6 6 7  2 4  4 - 6 2 1 . 7  4 0 5 . G  
2 3 6 6 7 2 5  4 5 2 3 . 6 4 3 8 . 5 
2 3 6 6 7  2 6  4 4 5 8 . 1 2 7 3 . 1 
2 3 6 6 7  2 7  4 5 8 9 . ) 4() q .  ;) 
2 3 6 6 7  2 8  4 3 2 7 . 2  2 9 4- . 5 
2 3 6 6 7  2 9  4 2 2  9 . 1 1 8 9 . a 
2 36 6 7 3 0  4 2 'J 2 . q 1 44 e iJ 
2 3 6 6 8  l 1 1 3 3 2 9  e l) 2 6 3 . 2 
2 3 6 6 8  2 3 2 1 4 0 1 . 4 l q 1 . 4  
2 3 6 6 8  3 3 l 1 6.3 8 .  3 6C 8 .  7 
2 3 6 6 8  4 '3 1 .., 62 5 . l  4 9 3 . 5  ;,j 
2 3 6 6 8 5 3 2 ...., 40 1 .  !t 3 1 5 . 8  '-
2 3 6 6 8 . 6 3 1 1 6 0 5 . 4  5 2 6 . 4 
2 3 6 6 8  7 4 3 9 4 . A 3 6 1 . 9  
2 3 6 6 8  8 4 · 4 7 1) . 5 3 1 5 • . '3 
2 3 6 6 8  9 4 3 2 9  . �� 1 5 1 .  j 
2 3 6 6 8 l :J 4 460 . 6  4 2 7 . 7  
2 3 6 6 8 1 1  4 4 6 1) . 6  2 7 9 . 7  
2 3 6 6 8  1 2  4 4 J  8 e l) 2 8 9 . 5 
2 3 6 6 8  1 3  4 6 6 4 . 6  4 8 0 . 4 
2 3 6 6 8  1 4  4 5 6 5 . 9 3 8 1 . 7 
2 3 6 6 8  1 5  4 - - 6 2 5 . 1 4 60 . 6  
2 3 6 6 8  1 6  4 6 J S . 4  4 6 7 . 2  
2 3 6 6 8  1 7  4 5 q 2 . 2  4 J 4 . 4  
2 3 66 8  1 8  4 5 5 9 . 3 4 2  7 .  7 
2 3 6 6 8  1 9  4 5 0 0  . l  4 9 3 . 5  
2 3 6 6 8  2 0  4 3 6 1 . 9 2 8 9 . 5  
2 3 6 6 8  2 1 '• 5 0 3 . 4  J 2 9 . C  
2 3 6 6 8  2 2  4 5 4 6 . 2  J z q . 'J 
2 3 6 6 8  2 3  4 4 7 7 . 1  4 2 7 . 7 
2 3 6 6 8 2 4  4 2 2 3 . 7 2 2 3 . 7 
2 3 6 6 8 · 2 5  4 2 0 4  • .  J 2 ,:l 4 • .  ) 
2 3 6 6 8  2 6  4 s s q . J  4 7 7 . 1 
1 7 4 
2 l 6 6 d  2 7  4 - - 3 2 9 . 0  2 30 . 3 
_2__ 3 6 6 9 1 2 2 ."' 3 2 8 . 5 2 6 8 . 2  L. 
2 3 6 6 q  2 3 1 1 4 3 5 . 8  4 0 2 . 3  J. 
2 3 6 69 3 3 2 � 60 3- . 5  lt 6 9 * 4 J 
2 3 6 6 9  4 3 l ' 6 2 0 . 2 4 7 6 . 1  A. 
2 3 6 6 9 5 3 l l 4 6 9 . 4  3 3 5 . 3 
2 3 6 6 9  6 3 4 ..., 6 2 3 . 6  3 6 H . 3  J · 
2 3 6 6 9 7 3 2 � 54 q .  8 .:. 6 q . 4  ..) 
2 3 6 6 9 8 3 2 J 5 6 3 . 2  5 1 2 . 9  
2 3 6 69 9 3 4 3 5 6 9 .  -� 5 o � . 9  
2 3 6 69 1 ') 3 l , 7v4 . -J 5 6 9 . 9  • 
2 3 6 6 9  1 1  3 2 3 4 3 5 . 8 40 2 . 3  
2 3 6 6 9  1 2  3 1 1 6 1 6 . 9  3 6 .'3 . 8 
2 3 6 6 q 1 3  3 l 2 6 1 0 . 2  5 1 6 . J  
2 3 6 6 9  1 4  3 2 2 3 4 2 . �  3 2 1 .  g 
2 3 6 6 9 1 5  4 - - 3 6 8 . 3 3 3 5 . 3 
2 3 6 69 1 6  4 - - 5 7 6 . 6  3 3 5 . 3  
2 3 6 6 9 1 7  4 - - 6 1 6 . 9 5 5 3 . 2  
2 3 6 6 9  1 8  4 4 d 9 . 5  3 7 5 . 5 
2 3 o 6 9  1 9  4 2 68 . 2  2 0 1 . 2  
2 3 6 6 9  2 0  4 2 3 4 . 7 2 2 1 . 3  
2 3 6 6 9  2 1  't 6 7 7 . 2  4 6 9 . !t  
2 3 6 6 9  2 2  4 4 8 2 . 8  3 5 2 . 0  
2 3 6 6 9 2 3  4 o C 3 . 5  1 4 7 . 5  
2 3 6 6 9 2 4  4 - - 6 7 0 . 5  4 7 6 . 1 
2 3 6 6 9  2 5  4 4( 2 .  3 2 4 .1 . 4  
2 3 6 6 9 2 6  4 40 2 .  3 3 3 5 . 3 
2 3 66q 2 7  4 6 7 t) .  5 3 3 5 . 3  
2 3 6 6 9  2 8  4 5 5 6 . 5 5 3 6 . 4  
2 3 6 6 9  2 9  4 - - 5 9 0 . J  46 9 . 4  
2 3 6 6 9  3 0  4 J 4 8 . 7  3 3 5 . 3  
2 3 6 6 q  3 1  4 5 3  6 . 4  2 7 4 . 9 
2 3 6 6 9  3 2  4 4 7 6 . 1 2 6 B . 2  
2 3 6  7 0  l 1 1 ..,. 2 9 -3 . 2  2 6 3 . 1 J 
2 3 6 70 2 2 1 ..., 3 3 8  . J  29 8 . 2 L 
2 3 6 70 3 3 l ' 8 3 5 . 0  5 9 6 . 4  J. 
2 3 6  70 4 3 1 "\ 5 3C . 2 50 3 .  7 ..) 
2 3 6 70 5 3 l , J 3 1 . 4 2<H3 . 2 J. 
2 3 6 70 6 3 1 ..., 3 9 7 . 6  3 3 1 . 4  '-
2 3 6 70 7 3 1 J 5 q6 . 4  1 3 2 . 5 
2 36 70 A 3 1 1 3 3 1 . 4  2 6 5 . 1  
2 3 6 70 9 3 4 ..., 43 j . 3  3 4 7 . g  '-
2 3 6 70 1 0  4 4 5 4 . 0  3 3 1 . 4  
2 3 6  70 1 1  4 3 9 7 . 6 3 3 1 . 4 
2 3 6  70 1 2  4 4 1 0 . g  3 3 1 . 4  
2 3 6  7 0  1 0  4 3 1 8 . 1  2 3 2 . �_:. 
2 3 6  7 J  1 0  4 3 9 7 . 6  2 6  5 .  1 
2 � 8  7 9  1 3 2 ., 5 1 7 . 7  3 l n .  6 ..J 
2 3 A  79 2 3 1 ., 3 3 8 . 2  3 0  3 .  7 ..) 
2 3 8  79 3 3 I � 6 s s .  a 5 2 4 . o  '1 :J 
2 3 8 79 4 '3 1 3 3 6 9 . 3 3 4 5 . 1 1. 
2 3 8 79 5 3 4 ""\ 3 6 2 . 4 3 4 1 . 7  ;) 
2 3 8  79 6 3 2 3 5 1 7 . 7 2 4 8 . 5 
2 3 8  7 9  7 3 2 ., 3 8 6 . 6  2 8 3 • .  ) J 
2 3 8 79 8 3 3 "' 5 9 3 . 7  3 3 1 . 3  J 
2 3 8  79 <; 3 1 ' 6 2 1  • .3 4 9 D . 1  J. 
2 3 8  7q 1 0  3 1 
., 6 4 5 . 4 5 8 6 . 7  J 
2 3 8  79 l l  4 5 8 6 . 7 5 1 7 . 7  
z- 3 8  79 1 2  4 - - s 2 a . 1 !t 3 4 . 'J  
1 75 
2 3 8 79 1 3 4 - - 5 4 8 . 8 4 .9 3 .  2 
_2_3.8 g\) 1 1 3 , 2 8 7 . 5  1 4 5 . 5  4 
? 3 8 80 2 3 2 ..., 6 2 J . 5  5 5 4 . 2 .;;; 
2 3 8  80 3 3 2 3 6 7 i3 . CJ 5 6 1 . 2  
2 . 3 8  80 4 3 l 3 5 2 6 . 5  j 7 ;) • •  s 
2 3 8 80 5 3 1 3 3 9 8 . 4  3 60 . 2  
2 3 8 80 6 3 4 , 744 . l 3 2 5 . 6  ;.) 
2 3 8  80 7 4 4 2 2 . 6  3 3  t] .  5 
2 3 8 8 1  1 1 -::1 l 3 2 6 . g  1 9 q • .  } 
2 3 8 8 1  2 1 3 3 3 3 4 . t 2 4 1 . 7 
2 3 8  8 1  3 3 1 1 5 8 2 . 8  40 5 .  l 
2 3 8 8 1  4 3 4 , 6 3 2 . 6  4 9 ·) . 4 .l. 
2 3 8  8 1  5 3 1 .., 6 6 4 . 5  5 6 -8 . 6 ;; 
2 3.8 8 1  6 3 1 � 6 3 9 . 7 4 9 7 . 5  -· 
2 3 8 8 1 7 3 1 "\ � 7 2 . 6 3 5 5 . 4  &. 
2 3 8  8 1  8 3 l , 6 0 4 . 1  5 40 . 2  4 
2 3 8 8 1  9 3 4 , 6 4 3 . 2 4 3 7 . 1 L 
2 3 8 8 1  1 0  3 4 l 4 <3 3 . 3 3 o 2 . 5 
2 3 8  8 2  1 . 1 3 "") 3 0 6 . 2  2 1 1 .  �· ' 
2 3 8 8 2  2 1 l 1 40 8 . 3  3 6 4 . 1 
2 3 8 8 2  3 1 3 , 3 'J o . 2  2 7 2 . 2  � 
2 3 8 8 2 4 2 3 ..., 4 1 1 . 7  2 2 4 . 6  � 2 3 8 8 2  5 < 3 ...) 5 3 4 . 2  2 5 8 . 6  
2 3 8 8 2  6 2 3 .., 1 1 n . 1 1 4 2 � 'J  ' 
2 3 8 8 2 7 2 3 3 2. 7 2 . 2  2 5 5 . 2 
2 3 8  82  8 2 4 .., 2 7 9 . J 2 5 1 . 6  c. 
2 3 8 8 2  q 3 2 , 5 5 1 . 2 5 0 3 . 6  ,) 
2 3 8 8 2  1 0  3 1 1 7 0 1 . 1 6 1 2 . 5  J. 2 3 8 82 1 1  1 4 1 7 'J 0 . 9  b 2 6 . 1 J 
2 3 8 8 2 1 2  3 1 l 4 tJ a .  3 3 1 4 . 3 
2 3 A 8 2  1 3  3 1 .., o 7 3 . r o G 2 . 2.  ..i 
2 3 8  8 2  1 4  3 4 , 6 8 7 . 3 4 4 1 . 1  � 2 3 8 8 2 1 5  3 1 J 4 8 3 . 2  3 J 6 . 2  
2 3 8 8 2  1 6  3 2 3 5 7 1 . 6 '5 4 4 . 4 
2 3 8 8 2 1 7  3 , , 5 1 0 . 4  3 ; 6 . 2  &. � 
2 3 8  8 2  1 8  3 l l 44 2 . 3 40 � .  3 
2 3 8 8 2 1 <1  3 1 1 4 4 2 . 3 3 8 7 . '-j � 
2 3 8 8 2  2 0  3 4 ., J l 9  .. 8 2 9 2 . 6  '-
2 3 8 82 . 2 1  3 2 "') 63 2 . 9 5 27 . 4  ..i 
2 3 8 8 2 2 2  4 4 7 o . 4  )() b . 2 
2 3 8 8 2  2 3  4 3 9 1 . 3  3 -1 6 . 2 
2 3 8  8 2  2 4  4 6 1 9 . 3  3 � ; .  3 
2 3 8 8 2 2 5  4 7 1 4 . 5 6 8 J . 5 
2 3 8 8 3 1 1 l ., 2 8 6 . >3  2 7 3 . 2  (.. 
2 3 8 8 3 2 2 4 � 3 0 0 . 5 2 2 5 . 4 .J 
2 3 8 8 3 3 2 3 .... 4 5 7 . 6  30 7 .  3 ..::J 
2 3 8  8 3  4 3 3 2 4 2 6 . 9  2 5  2 .  7 
2 3 8 8 3  5 3 1 ""\ 5 3  2 .  7 3 8 <1 . J J 
2 3 8 8 3  0 3 2 '"") 5 8 ): . 5 4 ;) q .  8 J 
2 3 8 8 3  7 3 l 3 -=-t 3 ) .  2 3 4 1 . 5  
z 3 8  8 3  8 4 4 9 1 . 7 3 5 5 . 1 
2 3 8  8 3  9 4 3 4 1 . 5 2 80 . ;") 
2 3 8 8 4 1 3 2 3 3 7 1 . 6 3 4 4 . 6  
2 3 8 8 4 2 3 2 ..., 6 ') d .  l 5 7 4 . 4 � 
2 3 8 8 4 3 3 2 , 4 q 3 . 3  3 7 1 . 6 � 
2 3 8 8 4  4 3 2 , 5 4 0 . 6  4 3 9 . 2  _...) 
2 3 8 84 5 3 2 '"") 5 J 6 . d  4 4 9 . 3 � 
2 3 8 8 4 6 3 2 J 4 8 6 . 5 46 (J . 2 
2 3 8 85 1 2 3 � 5 2 3 . 4  4 3 g . 6  :J 
1 76 
2 3 8 85 2 3 1 ..., 5 8 9 . 7  5 8 9 . 7 ;j 
_2 _ _ __3 8  8 5 -·-3 3 1 .., 5 5 8 . 3  5 / 1  l ;j _ ... . "t 
2 3 8 8 5  4 3 1 1 5 0 5 . Q  3 5  5 .  9 
2 3 8 8 5 5 3 1 , 4 74 . 5  4 4 6 . 6 .1. 
2 3 8 8 5  6 3 1 1 5 5 1 . 3  4 1 8 .  i 
2 3 8 8 5  7 4 - - 6 1 4 . 1  4 9 3 . 9  
2 3 8 8 5  8 4 !t 8 8 e 5 2 5 8 . 2 
2 3 8 8 5  9 4 3 4 8 . 9  2 5 1 . 2  
2 3 8 8 5 1 0  4 4 2 5 . 7 J J 5 . J  
2 3 8  8 5  1 1  4 4 8 3 . 5 3' :j 7 . 8  
2 3 8 8 5 1 2  4 2 9 3 . 1  2 5 1 . 2  
2 3 8 8 6  1 1 3 ..... 2 79 . 3 2 5 0 . 6 c.. 
2 3 8 8 6 2 1 1 .., 2 2 9 . 1 1 7 1 . 9 '-
2 3 8 8 6 3 1 l , l 9 3 . 3  1 3 6 . 0 .1. . .  
2 3 8  8 6  4 2 3 , 4.J 8 .  1 2 s ;J .  6 J. 
2 3 R 8 6 5 2 ..., ..., 6C B . 6  4 6 5 . 4  L .J 
2 3 8 8 6 6 3 3 ') 4 6 5 . 4  3 5 8 . � · L 
2 3 8 8 6  7 3 3 .., 7 8 1 . 1 6 5 8 . 3 J 
2 3 8 8 6 8 3 2 3 7 9 4 . 8  2 8 6 . 4  
2 3 8 8 6  9 3 2 .., 4 1 1 . 7 3 9 3 . �  � 
2 3 8 8 6 1 0  4 4 1 1 . 7  2 8 6 . 4  
2 3 8 8 6  1 1  4 6 ZJ 1 . 5  46 5 . 4 
2 3 R 8 6 1 2  4 5 1 5 . 6 4o 5 . 4  
2 3 8 8 6  1 3 4 - - 5 5 1 . 4  3 9 3 . 3 
2 ) 8 8 6 1 4  4 6 <) 8  . 6  :).J 8 .  4 
2 3 8 8 7  1 1 3 ., 2 3 9 . 9 2 3 3 . -::: L 
2 3 8 8 7  2 1 1 .,2 2 6 0 . 4 2 2 2 . 7 
2 3 8 8  7 3 1 1 2. 2 3 9 . 9  L 9 1 . 9 
2 3 8  8 7  4 1 3 z 2 8 7 . 9  2 39 . 9 
2 3 8  8 7 s 2 1 ") 3 8 3 . 3 3 1 5 . 3 J 
2 3 8 8 7 6 2 1 .... 3 g 7 . 5  2 8 l . J J 
2 3 8 8 7  7 3 l 3 5 1 4 . J 4 5 2 . 3  
2 3 8  8 7  8 3 • 1 1 6 2 3 . 7 4 4 5 . 5  
2 3 8 8 7  9 3 1 , 6 44 . 2 5 4 1 . 4  � 
2 3 8 8 7  1 0  3 2 J 7 4·'J . 2 6 5 1 .  1 
2 3 8 8 7 1 1  3 4 , 5 9 6 . 3  4 9 0 . 0  "" 
2 3 8 8 7  1 2  3 1 l 5 5 5 . 1  3 9 &) . 7 
2 3 8 8 7 1 3  3 1 J 4 4 5 . 5 3 5 6 . 4 
2 3 8 8 7  14 3 1 3 2 9 1 . 3  2 4 3 . 3 
2 3 8 8 7 1 5  3 � , 7 40 . 2  6 1 6 . 8 .. 
2 3 8 8 7 1 6  3 1 , 7 4 3 . 6  6 1 6 .  g "" 
2 3 8 8 7  1 7  3 1 , 9 ·) 4 . 7 5 8 2 . 6  L 
2 3 8 8 7 1 8  3 2 , 6 3 4 . 0  44 5 . 5  L 
2 3 8 8 7  1 9  3 , , 6 5 1 . 1  4 7 9 . 8  J. "" 
2 3 8 8 7 2 0  3 1 . , 5 1 4 . J 5 1 4 . ... ; � 
2 3 8 8 7  2 1  3 2 J 7 3 6 . 8  6 7 1 . 7 
2 3 8 8 7  2 2  3 1 '"' o O  3 .  t 5 1 -1- . ) " 
2 3 8 8 7  2 3  4 5 2 0 . 9  5 1 4 . J 
2 3 8 8 7  24 4 - - 5 4 d . 3  3 4 2 . 7 
2 3 8 8 7  2 5  4 7 2 3 . 1  4 7 g . a  
z - "3 8 8 7  2 6  4 5 1 4 . 0 4 8 6 . 6  
2 3 9 1 8  1 1 l 1 4 0 0 . 4  2 6 9 . 2  
2 39 1 8 2 3 ..., � 4 5 5 . 6  3 9 3 . 5  " "" 
2 39 1 8  3 3 2 ..... 6 90 . 3  4 2 1 . 1 L 
2 3 9 1 8 4 3 l 1 5 5 9 . 1 5 1 7 .  7 J. 
2 3 9 1 8 5 3 1 , :..4 8 . 7 3 7 9 . 7  L 
2 3 9 1 R  6 4 4 7 6 . 3  2 7 6 . 1 
2 3 9 1 8  7 4 6 2 1 . 3 s· 1 1 .  1 -
z ··- 3 9 1 8  8 4 -
- ·  
- 4 3 4 . 9 . 3 1 0 .  6 
� � 
1 77 
2 3 9 1 8 q 4 - - 5 0 3 . 9  4 8 3 . 2  
_2._ 3 9 lB . 1 0  4 - - 44 :3 . 7 2 7 6 . 1 
2 3 9 1 8  1 1  4 5 1 7 . 7 3 4 5 . 1 
2 3 9 l d  1 2  4 6 2 1 . 3 5 1 7 . 7 
-2 3 9 1 9 1 1 3 ., 5 2 7 . 2  3 8 6 . 6  t:.. 
2 3 9 1 9  2 1 3 1 3 2 .3 . 4  3 2 3 . 4  
2 3 9 l q  3 3 4 , 7 0 2 . 9  4 9 g . 1 • 
2 3 9 1 9  4 3 4 , 4 q 9 . l  j 3 3 . 9  � 
2 3 9 1 9 5 3 4 l 49 2 . 1 4 3 5 . 3  
2 3 9 1 9 6 4 5 6 2 . 3 5 \./ 6 . 1 
2 " 3 9 1 9  7 4 5 2 7 . 2  4 3 5 . d  
2 3 9 20 l 3 4 , 4 1 0 . 7 2 6 q . l � 
2 3 9 20 2 3 1 1 4 5 3 . 2  3 3 9 . 5 
2 3 9 2 0 3 3 1 .., 5 3 1 . 1 3 2 5 . 7 J 
"2 3 9 2 0  4 3 4 1 o 3 7 . 3  6 'J l . -� .1. 
2 3 9 2 0  5 4 4 4 6 . 1  4 3 2  • .  ")
2 J 9 2 0  6 4 5 1 3 . 4  3 8 Y . S  
2 3 9 2 0 7 4 3 54 . 1  2 4 7 . 8  
2 39 2 0  8 4 4 5 3 . 2 3 8 q . j 
2 3 9 2 0  q 4 44 6 . 1  4 -:) 3 . 6 
2 3 9 2 0 1 0  4 6 7 2 . 7  3 1 8 . 7 
2 3 9 2 0  1 1  4 5 2 4 . J  2 0 3 . 2 
2 3 9 2 0  1 2  4 4 2 4 . 9 3 5 4 . 1 
2 3 9  2 1  1 3 4 .., 5 6 6 . 5  3 8 2 . 4  :J 
2 3 9  2 1  2 3 1 , 5 J t . l  S :J 9 .  8 4 
2 39 2 1 3 3 4 l 5 4 5 . 3 4 60 . 3  
2 3 9 2 1  4 3 4 1 4 6 0 . 3 3 54 . 1 
2 3 9 2 1  5 4 -3 8 g .  5 3 7 1 . 8  
2 3 9 2 1 6 4 - - 60 1 . 9 3 5 4 . 1 
2 3 9 46 1 3 2 1 7 2 1 . 5  6 4 G . 4  
2 3 9 46 2 3 l ., 6 1 3 . 3 4 6 'J . J :J 
2 3 9 4 6  3 3 4 :l 5 7 J . J 4 8 7 . J  � 
2 3 9 4 6  4 3 1 1 5 9 1 . 6 5 3 3 . 9  .L. 
2 3 9 4 6 5 4 - - 5 5 5 . 6 5 4 8 . 3  
2 3 9 4 6 6 4 5 2 6 . 7 4 4 0 . 1 
2 3 9 46 7 4 � 4 2 . 1 4 3 2 . 9 
2 3 9 46 8 4 7 2 1 . 5 '5 7 1 . 2 
2 3 9 46 9 4 6 8 5 . 4  4 6 9 . 0  
2 3 9 4 6  1 0  4 - - 7 5 0 . 4  5 3 0 . 3  
2 3 9 4 6 1 1  4 2 8 8 . 6 z s q . 7 
2 3 9 46 1 2  4 6 4 9 . 4 5 4 8 . 3  
2 3 9 46 1 3  4 - - 7 6 8 . 4 6 5 6 . 6  
2 39 46 1 4 4 4 1 1 . 3 3 2 4 . 7  
2 3 9 4 7 1 2 4 "' 4 2 3 . 1 3 1 2 . 7 "' 
2 3 9 4 7  2 3 2 .... 6 4 1 .  "} '3 9  8 .  2 :J 
2 3 9 4 7 3 3 4 3 6 6 3 . d  5 4 7 . 1 
2 3 q 4 7 4 3 4 ., 6 7 1 .  l 4 3 7 . 7 :J 
2 . 3 9 4 7 5 3 4 ""' 6 2 7 . 3  5 4 7 . 1 
2 3 9 4 7  6 4 5 4 7 . 1 5 1 ·� .  6 
2 39 47 7 4 52 5 .  2 46 6 . 9 
2 3 9 4 7  8 4 5 4 7 . 1 · 5 1 J . 6 
2 3 9 4 7  9 4 8 8 9 . 9 7 6 5 .  q 
2 3 q 4 7  1 0  4 7 5 8 . 6  5 6 5 . 3  
2 3 9 4 7  1 1  4 6 7 1 . 1  5 9 4 . 5  
2 3 9 4 7  1 2  4 6 3 4 . 6  5 5 4 . 4 
2 3 9 4 7  1 3  4 62 0 .  �) 4 3  7 .  7 
2 3 9 4 7  1 4 4 4 9 6 . 0  3 4 6 . 5 
2 3 9 4 7  1 5  4 5 33 . 6  5 b 5 .  3 
2 - 3 9 4 7  1 .6  4 7 5 1 . 3  5 3 3 . 6  
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i_ � q 4 7 1�  
4 s � g . o  �j9 · 6 
-· 9 4 7  4 6 ' . 4  .:> . 6  
2 3 9 4 7  1 9  4 4 5 9 . 6 3 2 8 . 3 
2 3 9 4 7  2 0  4 6 0 5 . 5 5 7 6 . 3  
2 3 9 4 7  2 1  4 3 64 . 7" 3 4 2 . 3  
2_ 3 9 4 8 . l 1 1 .... 3 2 3 . 3  2 0 2 . 1 &:.. 
2 3 q 4 8  2 1 3 .... 2 5 7 . 2 1 8 3 . 7 £. 
2 3 9 4 8  3 2 3 3 40 4 . 2  2 7 1 . 9  
2 3 9 4 8  4 3 4 .... 4 2 6 . 2  3 8 2 . 1 :,) 
2 3 9 4 d  5 3 4 3 4 2 6 . 2  3 6 7 . 4 
2 3 9 4 8 6 3 4 ""\ . 4 2 6 . 2  2 q 3 . 9 .:,) 
2 39 4 8  7 3 4 .... 3 5 2 . 7 3 3 0 . 7  ;.; 
2 3 9 4 8 8 3 4 ., 62 4 . 6 6 ;} 2 . 6 J 2 3 9 4 8  9 3 4 J 3 9 6 . 8 3 6 7 . 4  
2 3 9 4 8  1 0  3 4 J 6 3 9 . 3  4 4 Q . q  
2 3 9 48 l l  3 4 .... 4 4 8 . 3 4: ) 4 . 2 J 
2 3 9 4 8  1 2  3 1 .., 5 2 l . d  3 J �j . 7 :J 
2 3 9 4 8 1 3  3 4 J 4 2 o  • . 2 2 7 1 . -) 
2 3 9 4 8  1 4  3 4 J 4 5 9 . 3  3 3 0 . 7  
2 3 9 48 1 5  3 1 3 6 6 1 . 4  s ,g 1 .  g 
2 3 9 48 1 6  3 1 , 6 9 8 . 1 5 8 7 . 9  J 
2 3 9 4 8  1 7  3 2 � 6 2 4 . 6 5 2 1 . 8 :,) 
2 3 9 ·4 8  1 8  4 2 7 9 . 2  2 0 Y . 4 
2 3 9 4 8  1 9  4 5 .) 7 .  L 4 7 :J .  3 . 
2 3 9 4 8  2 0  4 4 5 5  • .  6 3 5 2 . 7 
2 3 9 4 8  2 1  4 -1- 59 . 3  3 4 5 . � 
2 3 9 4 8  2 2  4 6 3 2 . 0  5 5 1 . 1  
2 3 9 4 8  2 3  4 5 5 8 . 5  5 5 8 . 5  
2 3 9 4 d  2 4  4 5 2 1 . 8  3 6 7 . 4  
2 3 9 4 8 2 5  4 7 2 7 . 5 4-� -1 . · '9 
2 - 3 9 4 8  2 6  4 B l 5 . 7 5 2 1 .  R 2 3 9 4 8 2 7  4 4 q 2 . 4 3 4 g . l 2 3 9 4 8 2 8  4 5 1 4 . 4 4 77 . 7 
2 3 q 4 8  2 9  4 4 4 8 . 3 3 8 5 . 8 2 3 9 4 8 3 0  4 4 7 0 . 3  4 1 8 . 9  
2 3 9 4 8  3 1  4 3 8 2 . 1  2 7 9 . 2  
2 3 9 4 8 3 2  4 - - 5 8  7 .  '} 4 T7 .  7 
2 3 9 4 8 3 3  4 7 3 4 .  <) 5 2 9 . 1 
2 3 9 4 8 3 4  4 5 5 1 . 1  . ftC 4 . 2 
2 3 9 4 8  3 5  4 4 2. 6 . 2  3 q 6 . B 
2 ) q 4 8 3 6  4 5 5 1 .  1 40 4 .  2 
2 3 9 4 8  3 7  4 7 0 q .  1 S Z l .  8 
2 3 9 4 8 3 8  4 5 R 0 . 5 5 1 4 . 4  
2 3 9 4 8 3 9  4 6 .j 2 .  6 4 7 7 . 7  
2 3 9 49 1 l , � 3 0 7 . s  1 9 4 . 0 ... J. 
2 3 q 49 2 3 4 1 5 1 2 . 5 3 7 3 . 4  .r.. 
2 3 9 4 9  3 3 4 I 3 4 4 . 1 2 9 2 . 9  � 
2 " 3 9 4 9 4 3 4 1 5 4 9 . 1 3 4 4 . 1 L. 
2 3 9 4 9  5 3 2 1 3 3 6 . 8  3 J 7 .  5 
2 3 9 ·49 6 3 4 1 4 3 9 . 3  3 6 6 . 1 .L. ·-· 3 9 49 7 3 4 ") 4 9 4 . 2  2 8 5 . 5 :,) 
2 3 9 4 9 8 3 4 1 4 l D . J 2 8 5 . 5  
2 3 9 49 9 3 1 l 4 1 3 . 7 3 2 9 . 5 
2 3 9 4 9  1 0  3 2 . 3 3 4 . 4  3 2 9 . 5 J. 
2 39 4 9  1 1  3 2 , 4 39 . 3 3 6 6 . 1 .L 
2 3 9 4 9  1 2  3 2 ., 5 4 9 . 1 .3 2  2 .  l J 
2 3 9 4 9  1 3  3 4 3 4 •) 2 .  7 3 2 '.j . 5 
2 3 9 4 9 1 4 3 , , 6 8 8 . 2  4C 2 .  7 L. L. 
2 " " 3 9 4 9  1 5  3 4 1 40 2 .. 7 3 1 4 . 8  .L. 
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2 3 9 49 1 6  3 1 ""' 4 7 5 . 9 3 \) 0 . 2 J _2_ 3 9 4 9 _ 1 7  3 4 '"'I 4 4 6 . 6  3 ') 0 . 2 - � 
2 3 9 49 1 8  4 4 1 0 . 0  .2 4 1 .  6 
2 3 9 49 1 9 4 5 1 9 . 8  2 5 6 . 3 
2 3 9 4 9  2 0  4 40 2 . 7  2 1 '-1 . 6  
2. 3 9 50 1 2 3 3 33 5 . 6  25 1 . 7  
2 3 9 50 2 2 3 "") 4 -0 1 .  ·2 z a o . a  .j 
2 39 50 3 3 4 3 62 d . v  4 9 9 . 7 
2 39 50 4 3 2 '"'I 5 4 7 . 1 4 9 2 . 4  ..:; 
z 39 50 . 5 3 4 "') 6 3 1 . 0 4·4 5 .  ·.] .;; 
2 3 9 50 6 3 .  4 ..... 4 5 2 . 3  2 6 6 . 3 · .:> 2 3 9 5 0 7 3 4 3 4 1 2 .  1 1 9  7 .  0 
2 3 9 5 :) 8 3 1 l 1t C I. .  2 2 2 6 . 1 
2 . .  3 9 5 0  9 3 4 J 6 7 1 . 1  s z a . 9  
2 3 9 50 1 0  3 4 3 6 4 1 . �  3 6 4 . 7  
2 3 9 5 :) 1 1  3 4 3 3 6 4 . 7 2 6 2 . 6  
2 3 9 5 0 1 2  3 4 J 3 s �J . 1  2 1 8 . 8  
2 3 9 5 0 1 3  3 3 3 4 74 . 1  4 3 7 . 7 
2 3 9 5 0 1 4  3 2 3 60 5 . 5 3 6 4 . 7 
2 3 9 50 1 5  3 1 '"'I 4 9 6  e l]  4 3 7 . 7 .) 
2 3 9 50 1 6  3 2 3 6 2 1J . o  3 64 . 7  
2 3 9 54) 1 7 3 4 , 4 J l . 2 3 6 4 . 7 .J. 
2 3 9 50 1 8  3 4 3 3 8 o  . 6  2 2<J . 8 
2 3 9 5 0 1 9  3 4 '"'I 4 J 1 . 2  z s .-; . 5  .:.J 
2 3 9 50 2 0  4 4 -J 1 .  2 3 6 4 . 7  
2 3 9 50 2 1  4 4 1 5 . 3 4 J  1 • .! 
2 3 9 5 0 2 2  4 3 2 8 . 3  3 2 8 . 3 
2 3 9 5 0 2 3  4 � 5 2 . 3  3 9 0 . 3 
2 3 9 5 1  1 1 1 "') 4 7 2 . 4  2 2 5 . 3 L. 
2 3 9 5 1  2 1 1 1 3 4 1 . 6 2 1 8 .  !) 
2 3 9 5 1  3 2 1 3 3 63 . 4  2 2 1 . 7 
2· 3 9 5 1  4 2 3 2 4 72 . 4  3 1 2 . 5  
2 3 9  5 1  5 3 4 3 5 2 6 . 9  3 8 5 . 2  
2 3 9  5 1  6 3 1 l 5 8 8 . 7  4 1 7 . 9 
2 3 9  5 1  7 3 1 J 5 9 6 . ) 5 8 1 . 4  
2 39 5 1  8 3 4 1 4 2 8 . d 3 6 3 . 4  � 
2 39 5 1  9 3 4 1 6 3 9 . 6 4 3 5 . 1 
2 3 9 5 1  1 0  3 4 ' 5 4 5 . 1 3 2 7 . 1 J. 
2 3 9 5 1  1 1  3 !t , 5 9 2 . 3  3 9 9 . 7  4 
2 3 9 5 1 1 2 3 2 , 't 5 4 . 2  3 6  3 .  4 J. 
2 3 9 5 1 1 3  4 5 4 5 . 1 5 4 5 . 1  
z 3 9  5 1  1 4 4 6 1  :) • 5 5 8 1 . 4 
2 3 9  5 1  1 5  4 s o a . a  4 q 4 . 2 
2 3 9 5 2 1 1 3 '"' 4 9 6  e 1�' 2 7 7 . 2  � 
2 3 9 5 2 2 1 3 '"l 4 1 2 . 1 2 4 :�'l .  7 L. 
2 3 9 5 2 3 1 1 '"l 3 5 0 . 1  l g 7 . :J t:.. 
2 3 9 52 4 3 4 , 6 6 J . 2  4 3 7 . 7 J. 
2- 3 9  5 2  5 3 4 '"'I 5 l ·J . 6 z g  1 .  a .:> 
2 3 9  5 2  6 3 2 J 5 6 1  • 7 2 7 3 . 5 
2 39 5 2  7 3 2 � 4 8 8 . 7  3 o 4 . 7  .) 
z- 3 9  5 2  8 3 4 3 5 4 7 . 1 4 3 7 . 7 
2 3 9 5 2 9 3 3 1 3 6 4 . 7  2 9 1 . 8  
2 3 9 5 2  1 0  4 4 5 5 . g  2 1 8 . 8 
2 3 9 5 2  l l  4 3 8 3 . ') 2 8 4 . 5 
2 3 9  52 1 2  4 3 3 5 . 6  3 2 1 . 0 
2 3 9 5 3  1 l 1 ..... 4 04 . 0  1 9  4 .  8 J 
2 3 9  5 3  2 3 4 , 5 8  8 .  ) ' 40 4 .  :) .L 
2 3 9 5 3  3 3 l "" 6 2 7 . 7 50 5 .  1 :.J 
2 39 53 . 4  3 4 1 6 1 .3 . 3 4 4 :) . 1 
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2 3 9 5 3 5 3 4 
' 5 9 8 . 8 5 4 1 . 1  � 
_ 2_ :_ 3 9  5 3  6 3 3 .., 6 1 3 . 3  4 6 9 . 0 � 
2 3 9 5 3 7 3 2 l 3 7 1 . 6 2 1 2 . 8 
-2 3 9 5 3 8 3 2 .., 5 5 5 . 6  2 8 1 . 4  .:J 
2 3 9 .5 3 9 4 6 8·5 . 4  5 0 5 . 1 . 2._ 3 9 53 1 0  4 - - 6 2 7 . 7 6 1 3 . 3  
2· 3 9 5 3 1 1  4 - - .5 2 3 . 1 4 3 2 . 9 
2 3 9 5 4  1 3 4 ..., 5 2 \1 . 1 4 5 5 . 6 J 
2 3 9 54 2 3 1 , 8 0 8 . 3 5 1 4 . 4 .!. 
- 2 . 3 9  5 4  3 3 1 , 6 2 4 . 6 5 1 4 . 4 .I. 
2 3 9 54 4 3 4 - .., 8 2 6 . 7 4 4 :) .  g J 
2 3 9 54 5 3 1 , 6 4 6 . -7 5 1 4 . 4  " 
2 3 9 54 6 3 4 , 8 0 8 . 3  . 4 9  2 .  4 .!. 
2 . 3 9  54 7 3 1 ...., 4 9 6 . -J  42 6 . 2  ..) 
2 3 9 5 4 8 3 4 3 4 4 8 . 3  49 2 . 4  
2 3 9  5 4  9 4 4 6 J . J 3 6 -J .  l 
2 3 9  5 4  1 0  4 5 8 7 . 9 440 . 9 
2 3 9 5 6 1 1 3 , 2 1 9 . 6  1 2 f.l . 3 4 
2 3 9 5 6  2 l 1 "" 5 8 5 . 7  2 8 9 . 2 L 
2 3 9 5 6  3 1 l _..., 3 44 . 1 2 1 9 . 6  � 
2 3 9 56 4 1 3 ..., 3 1 -t.t .  8 1 9 4 . �  L 
2 3 9 5 6  5 2 3 3· 3 4 7 . 8  2 5 6 . J 
2 3 9 5 6  6 2 1 3 40 4 . 7 3 2 2 . 1 
2 39 5 6  7 3 4 ..., 3 4 4 . 1 2 3 7 . 9  _.:J 
2 3 9  56 8 3 1 J 4 1 7 . 3  3 5 1 . ·� 
2 3 9 5 6  9 3 � 2 5 1 2 . 5  2 7 4 . 6  
2 3 9 5 6  1 0  3 4 ..., 5 4 9 . 1 2 1 9 . 6  � 
2 3 9 5 6  1 1  3 4 - 1 4 5 7 . 6  2 7 0 . 9  
2 3 9 5 6 1 2  3 4 3 5 31] • ,g 2 1 9 . 6 
2 3 9 5 6 1 3  3 4 , 2 9 2 . 9  2 1 9 . 6  � 
2 3 9 5 6 1 4  3 4 , 3 6 6 . 1 2 3 4 . 3 L -
2 3 9  5 6  1 5  3 2 ..., 5 9 3 . 0  4 9 7 � 9 .:;) 
2 3 9  5 6  16  3 4 '3 4 8 6 . 9  3 44 . 1 
2 39 5 6  1 7  3 4 J 3 0 7 . 5 2 9 2 . <;  
2 3 9  5 6  1 8  3 4 '"' 3 3 6 . 8 2 5 6 . 3 � 
2 3 9 5 6  1 9  3 4 3 6 2 2 . 3  4 3<; . 3 
2 3 9 5 6  2 0  3 4 .., 6 7 7 . 2  3 7 3 . 4  .J 
2 3 9 5 6 2 1  3 4 3 53 4 . 5  3 7 3 . 4 
2 3 9 5 6 2 2  3 4 � 6 3 3 . 3  4 5 0 . 3 J 
2 3 9 5 6  2 3  3 4 1 5 1 2 . 5 3 9 1 . 7  
2 3 9 5 6  2 4  3 4 -. 4 9  7 .  ') 3 6 6 . 1 .J 
2 3 9 5 6  . 2 5· 3 4 � 1 1  5 .  2 � 5 7 . 6 :J 
2 3 9 5 6 2 6  3 2 , 3 84 . 4  3 1 4 . d .!. 
2 .  3 q 5 6  2 7  3 1 l 3 80 . 7 3 5 5 . 1 
2 3 9  56 2 8  3 � , 5 7 8 . 4  40 2 .  7 .&. 
2 3 9 5 6 2 9  3 2 . 4 5 3 . 9  3 2 9 . 5 .L 
2 3 9 5 6 3 0  3 4 .., 4 2 1 .  � 3 8 ') . 7 :J 
2 3 9  5 6  3 1  3 2 ""' 3 6 o  . 1  2 7 4 . 6  � 
2 3 9 5 6  3 2  3 l t 3 3 6 . 8  2 7 4 . 6  � 
2 3 9 5 8 l 1 1 ..., 3 2  J • .) l -1-2 . 2 � 
· -z 3 9  5 8  2 1 3 3 3 5 5 . 6 2 8 8 . 0  
2 3 9  5 8  3 3 4 ' 5 0 4 . 9 4 6 2 . 3 J.. 
2 3 9 5 8  4 3 4 l 6 1 8 . 7  4 2 6 . 7 
2 3 9 5 8  5 3 2 1 3 6 9 . 8  2 8 4 . 5 
2 3 9 5 8  6 3 1 l 5 04 . 9  4 6 2 . 3  
2 3 9 5 8 7 3 1 
, 4 9 7  . a  444 . s - · .!. 
2 3 9  5 8  8 3 l , 5 1 9 � 1 444 . 5  J.. 
2 3 9  5 8  9 4 4 33 . 3  3 6 2 . 7 
z - 3 9  s a  1 0- 4 2 9 1 . 6  2 6 6 . 7 
� 
1 8 1  
2 3 9 5 8  1 1  4 · - - 60 4 .  5 3 9 1 .  1 
2 _ _  . 3 9 5 8  1 2 . 4. - - - 31J 5  • 8 2 6 3 . 1 . 2  3 9 5 9 1 1 .3 3 3 3 8 . 0 2 2 4 . 1 
2 3 9 5 9  2 1 3 � 3 3 8 . 0  1 5 4 . 3  .J 
2 3 9 5 9  3 3 2 .., 6 0 6 . 3  5 5 1 . 1  .:; 
2 3 9 59 4 3 4 . .., 4 9 2 . 4· 2 4 9 . 9 .:.; 
2 3 9  59 5 3 4 ..., 4 1 L � 5  2 2 7 . 8  ;) 
2 " 3� 5 9  b 3 1 l 3 7 8 . 5  2 <1 7 . 6  l. 
2 3 9 5 9 7 ·3 l 1 40 4 .  2 25 7 . 2  ..L 
2 3 9 5 9  8 3 1 ' 4 77 . 7  2 5 7 . 2  l. 
2 3 9 5 9  9 3 1 , 5 2 � . 1 3 6 7 . 4  .L 
2 3 9 5 9 1 0  .3 l 3 4 3 3 . 6  40 4 . 2 
2 3 9 5 9  1 1  3 1 , 5 1 4 . 4 5 0 7 . 1 J. 
2 3 9 5 9  1 2  3 2 ., 4 7 7 . 7  3 8 9 . 5  J 
2 . "39 5 9 1 3  3 1 � 6 0 2 . 6  4 4 0 . 9 ..J 
2 3 9 5 9  1 4  3 1 , 4 8 5 . •J --'• a s .  ·1 l. 
2 3 9 5 9  1 5  3 4 , 4 2 6 . 2 2 9 3 . 9  ..L 
2 3 9 5 9 1 6  4 4 40 . q 4 1 5 . 2  
2 3 9 5 <J  1 7  4 3 3 8 . J  3 3 8 . 0  
2 3 9 5 9 1 8  4 3 0 8 . 6  29 3 .  9 
2 3 � 5 9  1 9  4 - - 3 3 0 . 7  2 2 u . 5 
2 3 9 5 9 2 0  4 - - 7 0 5 . 5 50 7 . 1  
2 3 9 5 9 2 1  4 4 ;) 4 . 2 3 8 .2 .  1 
2 3 9 6 0 1 1 1 ., 3 5 5 . 6  1 5 6 . 5 t:.. 
2 3 9 60 2 3 2 . , 5 3 3 . 4  2 S 8 . 7 · .:.J ') 3 9 6 0 3 � 4 , 40 5 . 4  2 8 4 . 5 J. 2 3 9 6 0  4 3 1 3 3 9 1 . 1  3 20 . ,J 
2 3 9 6 0 5 3 2 .., 6 0 4 . 5 2 5 9 . 6  ..J 
2 3 9 60 6 3 4 , � 3 5 5  . 6  2 4 3 . j ..L 
2 3 9 60 7 3 4 1 6 1 5 . 2  5 3 3 . 4  
2 . 3 9 6 0  8 3 1 1 5 5 1 . 1 2 8 4 . 5  
2 3 9 60 9 3 4 3 3 9 1 . 1 2 2 7 . 6  
2 3 9 6C 10 3 l 3 !:J0 4 . 5 5 1 9 . 1 
2 3 9 6 0  1 l 3 4 � 4 2 6 . 7 2 4 8 . 9 ..) 
2 3 9 6 0 1 2  3 4 3 5 1 2  • •  J 2 3 :3 . 2 
2 3 9 6 0  1 3  3 4 · "') 3 / 3 . 4 2. 7 7 . 4  ;) 
2 3 9 60 1 4  3 2 1 4 4 0 . '� 2 6 6 . 7 
2 3 9 6 0  1 5  3 l 1 5 3 3 . 4  2 8 4 .  5 
2 3 9 60 1 6  4 46 9 . 4  3 2 0 . :1  
2 3 9 60 1 7  4 3 9 1 . 1  2 8 4 . 5  
2 3 9 6 0  1 8  4 � 7 2. . 9 .  3 2 0 . J 
2 3 '9 60 1 9  4 - - 4 7 6 . 5 3 9 1 . 1 
z 3 9 60 2 0  4 2 4 8 . q  2 4 3 . 9  
2 3 9 60 2 1  4 4 6 9 . 4  3 � 1 .  1 
2 3 9 6 0  2 2  4 3 9 1 . 1  3 2 0 . (! 2 3 9 60 2 3  4 3 5 5 . 6  2 7 7 . 4  
2 3 9 6 0  2 4  4 3 2 7 . 1  2 4 8 . 9  
2 3 9 60 2 5  4 3 4 1 . 4  2 8 4 . 5 
2· 3 9 60 2 6  4 - - 3 2 · ) . :) 2 8 4 . 5 
2 3 9 6 () 2 7 4 4 2 6 . 7  3 20 . 0  
2 3 9 6 0  2 8  4 - - 3 6 2 . 7  3 20 . 0  
2 3 9 6 0 2 9  4 2 8 4 . 5  2 4 8 . Y  
2 .39 6 1  1 1 1 .., 4 3 7 . 7  2 1 8 . 8  J 
2 3 9 6 1  2 1 3 '"\ 3 8o . 6  2 1 8 . 3  t:.. 
2 3 9 .6 1  3 3 l 3 4 8 1 . 4  4 8 1 . 4  
2 3 9 6 1  4 3 1 l 5 4 7 . 1 44 5 . \: ..L 
2 3 9 6 1  5 3 4 1 4 2 3 . 1 3 2 1 .  ;� 
2 3 9 6 1  6 3 l 1 5 4 7 . 1 4 -5 2 . 3 
2 " 3 9 6 1 7 3 1 1 4 1 5 . 8  3 6 8 . 4  J. 
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2 3 9 6 l 8 3 4 ? 6 9 3 . l J  4 0 1 . 2 .2 __ 3 9  6 9 3 L � 3 6 4 . 7 3 0 6 . 4  
2 39 6 1  1 0 . 3 1 1 5 4  7 . 1  4J 1 .  2 
2 3 9 6 1  1 1  3 4 2 43 7 .  7 3 6 4 . 7 
2 3 9 6 1 1 2 3 1 1 3 6 4 . 7 2 7 7 . 2 
2 . 3 9 6 L  13 3 4 3 4 52 . 3  . 2 4 0 . 7 
2 3 9 6 1 1 4  3 1 ;' 3 0o . 4  2 9 1 . 8  
2 3 9 6 1  1 5 3 3 I 3 6 4 . 7  2 9 1 . 8 
2 3 9 6 1 1 6  3 4 1 3 6 4 . 7  2 5 5 . 3  
2 3 9 6 1 1 7 3 4 ..., 5 2 8 . 9  2 7  3 .  5 J 
2 3 9 6 1  1 8  3 l , 5 3 2 . 5  4 3 7 . 7 J. 
2 3 9 6 1 1 9  3 4 � 4 6 6 . 9 3.2 8 .  3 "-
2 3 9 6 1  2 0  4 5 8 3 . 6  3 6 4 . 7  
2 39 6 1  2 1 4 4 7 4 . l 2 40 . 7  
2 3 9 6 1 2 2  4 3 64 . 7  3 2 8 . 3  
2 3 9 6 1 2 3  4 3 6 4 . 7  2 9 1 . 8  
2 3 9 6 1  2 4 4 '5 1 0 . 6  3 7 5 . 7  
2 3 9 6 1 2 5  4 - - 3 a 6  • . 6 2 9 1 . 8 
2 3 9 6 1  2 6  4 2 9 g . l  2 1 8 . 8 
2 3 9 6 1 2 7  4 3 4 2 . 8  2 7 7 . 2  
2 3 9 6 1 2 8  4 4 8 5 . 1 3 6 4 . 7 
2 3 9 6 1 2 9  4 4 3 7 . 7  40 1 . 2  
2 3 9 6 1  3 0  4 6 2 :J • .) 6 2 0 . () 
2 3 9 6 1  3 1  4 5 6 1 . 7  5 1 �· .  6 
2 3 <:) 6 1 3 2  4 - - 6 5 6 . 5 6 2 0 . 0  
2 3 9 6 1 3 3  4 3 5 0 . 1  - 2 7  3 .  5 
2 3 9 6 1 3 4  4 3 6 1 . 7  5 1 J . 6  
2 3 9 6 1 3 5  4 - 3 2. 8 . 3 2 3 3 . 4  
2 3 9 6 1  3 6  4 3 5 0 .  t 2 i) 4 .  2 
2 3 9 6 1  3 7  4 3 iJ 6 . 4 1 8 2 . 4  
z- 3 9 6 2  1 1 1 .., 4 ;) 1 • 1 2 7  2 .  2 "-
2 3 9 6 2  2 1 l ., 3 6 5 . 3  2 2  q .  2. :.) 
2 3 9 6 2 3 2 3 , 5 3 7 • .2 44 4 . 1 :.J 
2 3 9 6 2  4 3 1 ' '-l 3 1 . 2 4 3  6 .  '-} . � 
2 3 9 6 2  5 3 4 1 3 0 4 . 4  2 3 6 . 4 
2 3 9 6 2 6 3 1 , 4 2 9 . 8 3 5 8 . 1 4 . 
2 3 9 6 2 7 3 1 l 5 5 8 . 7 3 5 8 . 1 
2 3 96 2  8 3 4 J 'f- 2 2 . 6  2. 6  5 .  d 
2 3 9 6 2 9 3 3 � 3 5 8 . 1 2 4 7 . 1 ..L 
2 3 9 6 2 1 0  3 1 1 4 3 6 .  q 3 5 8 . 1  
2 3 q 6 2  1 1 3 3 .., 5 3 7 . L 3 5 l . G .J 
2 3 9 6 2 1 2  3 1 l 5 1 5 .  7 5 J 8 . 6  
2 3 9 6 2  1 3  3 1 ., 5 3 7 . 2 4 44 . 1 J 
2 3 9 6 2  1 4  3 1 , 3 5 13 .  1 2 5 0 . 7 4 
2 3 9 6 2  1 .5  3 1 1 :5 8 7 . 4  2 8 6 . 5  
2 3 9 62 1 6  4 7 1 6 . 3  5 2  6 .  5 
2 3 9 6 2 1 7  4 5 4 4 . 4 4 2 9 . 8 
· 2 3 9 6 2  1 8  4 5 1 9 . 3 44G . 5 
2 3 9 6 2 1 9  4 2 2 9 . 2  1 5 0 . 4  
2 3 g 6 2  2 0  4 5 44 . 4  3 94 . \) 
z 3 9 6 2  2 1  4 3 5 8 . 1  2 3 2  • .  3
2 3 9 6 2 2 2  4 4 6 5 . 6  2 7 2 . 2  
2 3 9 6 3  1 1 3 � 3 3 4 . 3  2 1 � . 8 :) 
2 3 9 6 3  2 1 1 � 2 1 0 . 3  1 4  5 .  4 c. 
2 3 9 6 3 3 1 3 ., .!t 3 6 . 1  3 2 7 . 1 c. 
2 3 9 6 3  4 2 3 ." 4 3 6 . 1 3 1 2 . 5 .J 
2 3 9 6 3  5 3 4 , 
3 9 9
. 7 . 3 2 7 . 1. J. 
2 3 9 6 3  6 3 4 1 8 1 . 6 2 3 2 . 6  
2 3 9 6 3· - - 7 3 1 l 4 72 . 4  3 4 1 . 6  
� 
1 83 
2 3 9 6 3 8 3 1 ' 50 8 . 8  3 7 7 .  9 .1. 
2 .. 3 9 63 ' "  9 . 3 1 ' 5 0 8 . 8  3 7 0 . 7 .. 
2 3 9 6 3  1 0  3 1 1 4 2 8 . S3  3 8 5 . 2  "' 
2 3 96 3  1 1  4 3 7 7 .  9 3 2 7 . 1 
2 3 9 6 ?  1 2  4 ·4 7 2  � 4 3 d 5 . 2 
2 3 9 6 3  1 3 4 - - 4 7 2 . 4  3 q 9 . 7 
2 3 9 6 3  1 4  4 3 9 9 . 7  2 90 . 7 
2 3 9 6 3  1 .5 4 3 9 9 . 7  3 2 7 . 1 
2 3 9 6 3  1 6  4 5 '1 6 . J 4 7 9 . 7 
2 3 9 6 3 1 7  4 6 4 6 . 3  5 1 9 . 7 
2 3 9 6 3  1 8  4 3 6 3 . 4 3 2 7 . 1 
2 3 9 6 3  1 9  4 4 8 6 . 9 4 43 . 3 
2 3 9 6 3  2 0  4 3 2  7 . 1 2 90 . 7 
2 .. 3 9 6 3 . 2 1  4 .- - 5 1 6 .  iJ 3 9 9 . 7 
2 3 9 63 2 2  4 c; 1 6 .  ;,) 4 6 1 . 5 
2 3 9 6 4  1 1 1 "\ 3 6 5 . 3  1 7 1 . 9  " 
2 3 9 64 2 3 4 3 6 4 4 . 7  2 7 q . 4  
2 3 9 64 3 4 4 8 7 . 1 4 29 . a  
2 3 9 6 4  4 4 4 4 7 . 7 3 9 4  . ,J 
2 3 9 6 4  5 4 5 5 1 . 5 4 2 2 . 6  
2 3 9 6 4  6 4 5 5 5 . 1 5G 1 .  4 
2 3 9 64 7 4 4 0 3 . 3  3 9 4 . 0  
2 3 9 6 4 8 4 5 3 •J . l 4 2 9 . 8 
2 3 9 6 4  9 4 5 3 7 . 2  3 7 2 . 5 
2 3 9 64 1 0  4 6 5 9 . 0 3 9 4 . Q  
2 39 6 4  1 1  4 - - :) 5 1 . 5  4 1 1 . 9 
2 3 9 6 4  1 2  4 5 6 5 . 9  4 2 9 . 8  
2 3 9 6 5  1 1 1 .... 4 7 2 . 4  2 8 3 . '� '-
2 3 96 5  2 1 1 , 4 2 1 . 5 1 8 1 . 7  "' 
2 3 9 6 5  3 1 1 3 d 2 B . 5 4 5 C . 6 
2 3 9 6 5  4 2 1 3 4 8 6 . 9  2 5 4 . 4  
2 3 96 5  5 3 2 J 7 :) 8 . 6  4 3 6 .  1 
2 3 9 6 5  6 3 2 ., 5 8 8 . 7  4 3 6 . 1 J 
2 3 9 6 5  7 3 2 J 5 6 3 . 3 4 5 7 . -<;  
2 3 9 6 5 8 3 1 1 4 5 0 . 6  3 4 1 . 6  
2 39 6 5·  9 3 2 1 5 2 3 . 3 3 9 2 . 5  
2 3 9 6 5  1 0  4 5 2 3 . 3 4 36 .  1 
2 3 9 8 4  1 3 3 .. 3 7 6 . 2  2 5 8 . 2  "' 
2 3 9  8 '+ 2 3 1 1 4 8 6 . 8  3 6 8 . 8 
2 3 9 8 4 3 3 1 l 5 60 . 6 4 3 5 . 2 
2 3 9  84 4 3 1 1 4,) 5 .  7 ) 90 . 9 
2 3 9 84 5 3 1 3 6 5 1:> . 5  5 1 6 . 3 
2 3 9 84 6 3 l 3 6 ;J 8  . s  3 7 6 . 2 
2 3 9 .8 4 7 3 l • 4 0 5 . 7  z g s . a  " 
2 3 9 8 4  8 3 1 1 3 0 9 .  d 2 '1 .5 . 0  .J 
2 3 9 84 9 3 2 "\ 40 5 . 7 2 9 5 . 0  .:> 
2 3 9  A 4  1 0  3 1 1 3 6 8 . 8 3 3 l . Q  
2 3 9 84 1 1  3 l 3 4 7 2 . 1 2 9 5 . C  
2 3 9 84 1 2  3 1 l 3 8 7 . 2  2 7 2 . 9  
2 3 9 8 4 t 3  3 4 � 3 6 d . d  2 5 8 . 2  t:. 
2 3 9 84 1 4  4 4 1 3 . 1  2 5 8 . 2  
2 3 9 84 1 5  4 40 5 . 7 3 6 8 . 8  
2 3 9 8 4  1 6 4 4 1 3 . 1  3 7 6 . 2  
2 3 9 .8 4  1 7  4 2 6 5 . 5 1 9 1 • .3 
2 39 84 1 8 4 5 1 6 . 3  3 6 8 . a 
2 3 9  8 4  1 9  4 - - 4 4 2 . 6  . 40 5 .  7 
2 3 9 84 2 0  4 4 9 7 . (� 3 9 0 . 9  
2 3 9 84 2 1  4 3 6 8 . 8  3 6 8 . 3  
2 3 9 8 4  22 4 40 5 . 7  3 6 8 . 8  
1 84 
2 3 9 8 5  1 1 1 , 2 8 3 . 4  2 8 3 . 4 r_ 
_2_ 3 9 8 5  . .... 2. 1 1 "" 30 5 . 3 2 5 4 . 4  -' 
2 3 9 8 5  3 1 1 '"l 2 1 8 . 0  1 B "� .  G I' 
2 3 9 8 5  4 1 3 .., 3 0 5 . 3 1 5 9 . 9  r_ 
2 3 9 8 5 5 l l t 3 4 8 .• 9 3 2  7 .  l 
2._ 3 9 8 5  __ _ .. 6 2. 2 3 5 0 8 . 8  4 8 6 . 9  
2 3 9 8 5 7 2 4 ., 2 9 0 . 7 2 5 �) . 7 :._) 
2 3 9 8 5 8 3 l ., 6 6 1 . 4 4 7 2 . 4  :.J 
2 39 8 5 9 3 3 J 3 6 3 . 4  2 7 2 . 5 
2 . 3 9 8 5  1 0  3 l 1 · 7 2 6 . 8 6 1 7 . 3 
2 39 8 5  1 1  3 4 3 4 6 5 . 1  J q 9 . 7 
2 3 9 8 5  1 2  3 4 � 3 2 7 . 1 3 1 6 . 2 .J 
2 3 9  8 5  1 3  3 1 1 5 8 1 . 4  1t 7 2 .  4 
2 . _ 3 9  8 5  1 4  3 1 ' 4 7 2 . 4  290 . 7 �-
2 39 8 5  1 5  3 1 • 3 6 3 . 4  2 6 5 . 3  � 
2 3 9 8 c; 1 6  3 3 ..., 5 J d . 8  5 0 8 . 8  '-
2 3 9 8 5  1 7  4 - - 3 9 9 . 7  3 4 8 . q  
2 3 9 8 6 l 2 1 3 4 1 4  • . J 3 2 1 . 2 
2 3 9 8 6 2 2 4· � 4 4 2 . 5 1 64 . 2  ..1 
2 3 9 86 3 3 2 1 3 2 1 . 2 2 8 5 . 5 
2 3 9 86 4 3 2 "" 4 2 8 . 2  l 4 9 . g  r_ 
2 3 9 86 5 3 1 1 3 5 6 . 9  1 8  5 .  6 
2 3 9 8 6  6 3 4 � 5 2 1 . :) 4 4 2 . 5  • 
2 39 8 6  7 3 2 1 4 9 9 . 6  1 7 8 . 4 
2 39 8 6  8 3 4 2 64 g . s 4 8  5 .  3 
2 3 9 8 6  9 ":\ 4 I 4 4 2 . 5  3 8 5 . 4 4 
2 3 9 86 1 0  3 4 , 3 64 . ') 2 5 & . � � 
2 39 86 1 1  1 4 .... � 40 6 . 8  3 5 6 . 9  � 
2 3 9 8 6  1 2  3 1 1 3 9 2 . 5  2 4 9 . 8 J. 
2 3 9 8 6 1 3  3 1 l 5 2 1 . 0 3 9 9 .  7 
z · -·3 9  a 6  1 4 4 4 4 6 . 1  j 2 1  • . 2 
2 3 9 8 6 1 5  4 5 9 2 . 4  5 1 3 . 9 
2 3 9 8 6 1 6  4 - - 3 7 1 . l J 64 .  :;; 
2 3 9  8 6  1 7  4 4 0 6 . 3  3 9 2 . 5 
2 39 8 7  1 1 1 "" 4 40 . q 404 . 2 � 
2 3 9 8 7 2 2 2 ... 4 9 6 . 0  3 3 8 . :') � 
2 3 9 8 7  3 2 2 "" 6 2 4 . 6  40 4 . 2  � 
2 3 9 8 7 4 2 2 ""\ 4 4\) . 9 2 8 6 . 6  4 
2 3 9 8 7  5 3 3 1 3 8 g . 5  2 7 5 . 6  
2 3 9  8 7  6 3 3 l 6 9 13 . 1 5 1 4 . 4 
2 3 9 8 7 7 3 1 .., 5 5 1 . 1 4 1 8 . 9  J 
2 39 8 7  8 3 4 ., 4 7 7 . 7  4 4 0 .  'j J 
2 3 9 8 7 9 3 3 '"l 3 6  7 . 4  2 5 7 . 2 G. 
2 3.9 8 7 1 0  3 4 , 4 J 3 . 6  2 2 7 . 8 4 
2 3 9 8 7  1 1  3 1 , 5 1 4 . 4  4 8 5 . 0  � 
2 3 9 8 7 1 2  3 1 l 6 3 9 . 3 4 2 2 . 5 
2 39 8 7  1 3  3 4 , 4 1 1 . 5 3 6 7 . 4 � 
· z 3 9 8 7  1 4  3 2. ' "I 6 6 8 . 7 .:1-40 . g � 2 3 9  8 7  1 5  4 - - 3 ;) 8  • 6 2 2 0 . 5  
2 3 9 8 7  1 6  4 4 4 .) . " 4 1 5 . 2 
2 3·9 a T 1 7  4 2 5 7 . 2  2 2 1 . a 
2 3 q 8 7  1 8  4 4 1 8 . 9  40 4 . 2  
2 3 9 8 8 1 l J 3 4 5 5 . 6  2 90 . 3  
2 3 9 8 8 2 1 1 , 3 7 l . t  1 9 1 .  1 J. 
2 3 9  8 8  3 3 1 3 4 66 . 6 3 8 2 . 1 
2 3 9  8 8  4 3 1 ' 4 0 4 . 2 30 1 . 3  .l. 
2 3 9 8 8  5 3 1 1 4 9 2 . 4  4 77 . 7  
2 39 8 8 6 3 1 , 5 8 7 . 9 5 8  7 .  9 .J. 
2 -· 3 9 a a - -- 7 3 t 1 4 4 0 . 9 3 3 0 . 7 .1. .1. 
� � 
1 85 
2 3 9 8 8  8 3 1 � 4 40 . 9  3 7 4 . d .L 2_ _ _  3 9 8 8 - 9 3 2 J 5 1 4 . 4  5 2 5 . 4 
2 . 3 9  8 8  l 'J 4 - - 40 4 . 2  3 6 7 . 4 
2 3 9 8 8  1 1  4 4 7 7 .  '7 3 6 7 . 4  
2 3 � 8 8  1 2  4 4 5 9 . 3 40 4 . 2  2 3 9 8 8  1 .3  4 4- 8 5 . 0  2 9 3 . 9  
2 3 9 89 1 1 3 � 4 8 8 . 7 3 6 4 . 7 � 
. 2 . 3 9 8 9  2 1 1 , 2 5 5 . 3  1 8 2 . 4 l. 
2 3 9 8 9  3 1 1 
. .., 4 9 6 . 0  3 2 8 . 3 :J 
2 3 9 8 9 4 1 l � 2. 2 6 . 1 2 1 8 . 3  � 
2 3 9 8 9  5 1 1 � 3 46 . 5  2 5 5 . 3  � 
2 3 q 8 9  6 2 1 � 3 4 6 . 5  2 7 3 . 5  .:;) 
2 3 9 8 9  7 3 1 , 5 9·0 .-9 4 5 2 . 3  L 
2 39 8 9  8" 3 l , 5 2 >3 . 9 4 2 3 . 1 L 
2 3 9 8 9 9 3 1 .., 4 3 7 . 7  4 J l . 2  :J 
2 ) q 89 1 0  3 1 .., 4 9 6 . 0  4 7 4 . 1 .J ? 3 9 89 1 1  4 5 7 2 . 6  40 1 . 2  
2 3 9 8 9  1 2  4 5 8 3 . o  4 3 4 . G  
2 3 9 8 9 1 3  4 4 7 4 . 1  4 3 7 . 7  
2 3 9 8 9 1 4  4 5-4 7 . 1  4 7 4 . 1 
2. 39 8q 1 5  4 4 5 2 . 3 3 7 2 . 0 
2 3 9 8 9  1 6  4 - - 5 8 3 . 6 4 7 4 . 1 
2 3 9 8 9 1 7  4 5 1 7 . C'J 4 1 9 . 4 
2 3 9 8 9  1 8  4 4 9 6 . ·.) 4 ·� 9 .  5 
2 3 9 8 9  1 9  4 77 3 . 2  5 1 1 . 6  
2 3 9 8 9 2 0  4 - - 3 6 4 . 7  3 3 5 . 6 
2 3 9 8 9 2 1  4 - - 3 2 8 . 3  2 9 1 . 8  
1 3 8 4 6 1 1 1 3 3 1 2 . 9 2 5 1 . 8  
1 3 8 46 2 1 3 2. 44 9 . 6  3 9 5 . 6  
l 3 8 4 6 3 1 1 J 3 .) 5 . 7 . 2 23 . \J 
r 3 8 46 4 4 - - 7 73 . 3  7 3 7 . 3 
1 3 8 4 6 5 4 6 5  4 .  6 4 5 3 . 2  
1 3 8 46 6 4 B 3 a . u  5 1 0 . 7  
1 3 8 4 6 7 4 5 3 2 . 3 5D 3 .  5 
1 3 8 4 6  8 4 6 4 7 . 4 6 1 8 . 6 
1 3 8 46 9 4 5 7 5 . 4  1t 3 8 .  8 
1 3 8 4 6 1 0  4 - - 6 4 7 . 4  5 1 7 . 9  
1 3 8 46 1 1  4 - - 73 3 . 7 4 8 5 . 5 
1 3 8 4 6  1 2  4 - - 8 8 1 . 1 5 3 <; .  5 
1 3 8 4 6 1 3  4 - - 5 7 5 . 4 5 5 3 . 9  
1 3 8 46 1 4 4 7 8 4 . 0  5 1 0 .  7 
1 3 8 4 6 1 5 4 43 1 . 6 3 5 9 . 7 
1 3 8 4 6 1 6  4 6 2  9 . 4 5 5 7 . 5 
1 3 8 46 1 7  4 3 4 1 . 6 5 8 6 . 2 
1 3 8 46 l d  4 73 3 . 7 5 5 3 . 9  
.1 3 8 4 6 1 9  4 - - 7 3 3 . 7 5 2 5 . 1 
1 3 8 4 6 20 4 5 4 6 . 7  4 3 1 . 6 
l 3 8 46 2 1  4 6 4 7 . 4  3 Q ·:j . 3 
1 3 8 4 6  2 2  4 5 3 q . s  4 46 . 0  
1 3 8 4 6 2 3  4 5 2 � . 7  5 2 8 . 7 
I 3 8 4 6  2 4  4 - - 6 7 6 . 1 6 1 8 . {) 
1 3 8 4 6 2 5  4 - - 5 9 7 . �  4 3 1 . 6  
1 3 8 4 6 2 6  4 6 1 1 . 4 5 1 0 . 7 
1 3 8 4 6  2 7  4 - - 3 9 5 . 6 3 5- q . 7  
l 3 8 4 7  l l 3 · "'\ 2. 9i) . 2 2. 7 2 . 3 . J 
1 3 8 4 7  2 1 1 .., 3 4 4 . 0  1 6 4 . 8  � 
1 3 8 4 7  3 1 1 ... 1 8 6 . 3 1 5 0 . 5  � 
1 3 8 4 7  4 1 3 j 5 3  7 .  5 4 1 2 . 1 
1 
- 3 8 4 7 5 1 1 , 3 7 6 . 2 3 2 6  .• 1 . .L 
1 86 
' 1  3 8 4 7 6 1 3 
� 3 94 . 2  3 3 6 . G '-
L. 3 8 4 7  7 2 - 4 " 4 8 7 . 3  2 5 8 . G  � 
l 3 8 4 7  8 3 4 , 6 5 9 . 3 4 3 0 . 0  4 
1 3 8 4 7 9 3 4 3 60 9 . 2.  3 4 0 . 4  
1 3 8 4 7  1 0  3 2 ""'' 6 0 9 . 2  4 9 4 . 5 '-
l __ 3 8 4 7.  l L  3 4 .,  3 9 4 . 2  3 2 2 . 5  L 
1 3 8 4 7  1 2  4 5 9 1 . 2 4�) 1 .  3 
1 3 8 4 7  1 3  4 4 3 �J . O 2 8 6 . 7  
1 3 8 4 7  1 4  4 - - 43 8 . J  3 8 7 . 0  
1 3 8 47 1 5  4 3 9 4 . 2  3 2 2 . 5  
1 3 8 4 7 1 6  4 - - 3 7 9 . 8 3 44 . 0  
1 3 8 4 7  1 7 4 7 7 0 . 4  40 4 . 9  
1 3 8 4 7 1 8  4 4 0 4 . 9  2 9 3 . 3 
1 3 8 4 7  1 9  _4 6 (; 9 . 2  4 5 1 . 5  
l 3 8 4 7  2 0  4 44 4 . 3  2 6 5 . 2  
1 3 8 4 7 2 1  4 5 3  7 .  5 3 5 8 . J  
1 3 8 4 7 2 2  4 7 1 6 . 7 4 5 5 . 1 
1 3 8 4 7  2 3 4 5 1 9 . 6 S l c; . G  
1 3 8 4 7 2 4  4 � 6 0 . 0  5 4 .:J . 2  
1 3 8 4 7 2 5  4 - - 5 0 1 . 7  3 6 9 . 1 
l 3 8 4 7 2 6  4 7 1 4 . 6  4 7 3 . 0  
1 3 8 4 7 2 7  4 6 7 3 . 7 5 5 1 . 8  
1 3 8 4 7  2 8  4 - - 4 8 7 . 3  4 7 3 . C 
1 3 8 4 7  2 9 4 - - 5 3  7 .  5 4 8 3 . 7 
1 3 8 4 8 1 1 1 ..., 5 7 5 . 4 4 6 4 . 0  :; 
1 3 8 4 8  2 1 3 3 5 4 3 . 1 3 9 5 . 6 
1 3 8 4 8 3 2 2 ""' 3 4 5 . 3  2. 4 1 .  :) ' 
1 3 8 4 8  4 4 � q o 6 . 3  �J 3 .  5 
1 3 8 4 8  5 4 5 1 5 . 4  4 8 1 .  g 
1 3 8 4 8  6 4 4- 8  5 .  5 4 6 0 . 4  
1 3 8  48 7 4 4 2 4 . 4 3 4 5 . 3  
1 3 8 4 8 8 4 5 3 '� .  5 3 6 6 . 8 
1 3 8 4 8  9 4 - - 7 1 9 . 3 5 4 6 . 7  
1 3 8 4 8 1 0  4 4 1  ') .  ·) 4 l t) . 0 
1 3 8 4 8 1 1  4 6 6 g . ') 5 2 1 . 5 
1 3 8 4 8  1 2  4 - - 4 4 6 . 0  37 7 .  6 
1 3 8 4 8  1 3  4 4 8 5 . 5  4 3 1 . 6  
1 3 8 4 8 1 4  4 7 7 6 . 8  4 8 5 . 5 
1 3 8 4 8  1 5  4 - - 3 5 9 . 7 3 5 9 . 7  
1 3 8 4 8  1 6  4 - -;- l;J 8 .  5 5 0 3 . 5 
1 3 8 48 1 7 4 - - 5 3 9 . 5 5 3 9 . 5 
1 3 8 4 8 1 8  4 5 9 .3 . 4 '5 3 9 . 5 
1 3 8 4 8  1 9  4 - - 6 9 7 . 7  5 3 9 . 5  
1 3 8 4 8  2 0  4 8 2 7 . 2 5 1 0 . 7  
1 3 8 4 8 2 1  4 4 3 1 . 6 3 9 5 . 6  
1 3 8 48 2 2  4 73 l) .  1 5 1 7 . 9  
1 3 8 4 8 2 3  4 5 5 3 . 9  . 5 3 9 . 3 
1 3 8  48 2 4 4 3 5 9 . 7 3 0 9 ·. 3 
l 3 8 4 8  2 5  4 5 3 9 . 5 4 7 8 . 3  
1 3 8 4 8  2 6 4 50 3 . 5  5 0 3 . 5  
r· 3 a ·4 a  2 7  4 3 9 5 . 6  3 5 9 . 1 
1 3 8 4 8  2 8  4 5 7 5 . 4  5 7 5 . 4 
l 3 8 48 2 9  4 7 9 1 . 2 5 3 9 . 5  
1 38 48 3 0  4 5 2 1 . 5  5 1 0 . 7 
1 3 8 4 8  3 1  4 6 8 3 . 3  4 8 1 . 9  
1 3 8 4 8  3 2  4 7 1 9 . 3 50 3 .  5 
1 3 8 4 8 3 3  4 7 5  5 .  3 . 5 .3 9 . 5  
1 3 8 4 8  3 4  4 4 5 6 . 9  4 5 6 . 8  
l 3 8 48 ·  3 5  4. 5 1 0 . 7 4 7 4 . 7 
1 87 
1 3 8 4 9 
l_ l i 
3 40 6 . 4 3 1 6 . 5 
.1 . .. 3 8 4 9  . .. . 
� 5 1 7 . 9  4 8 9 . 1 J 
1 3 8 4 9 3 1 1 3 3 6 6 . 8  3 5 <) . 7  
1 3 8 4 9 4 1 1 3 c;() 3 .  5 4 3 1 . 6 
1 3 8 4 9  5 3 4 ., z s t . a 25 1 . 8 � 
L_ 3 8 49 . _ 6 3 4 , 2 5 1 . 8  2 2 3 . r:: J. 
1 3 8 4 9 1 4 - - 5 8 9 . 8  4 3 1 . 6 
1 3 8 49 a 4 3 2 3 . 7 3 2 .3 . 7 
l 3 8 49 9 4 · s 2 s . 1 .3 1 6 . 5  
1 _3 8 4q 1 0  4 3 0 2 . 1  2 8 7 . 7 
1 3 8 4 9  1 1  4 2 5 1 . 8 1 7 9 . 8 
1 3 8 4 9  1 2  4 3 3 0 . 9  .3 1 2 . J 
1 3 8 4 9  1 3  4 3 2 3 . 7  2 6 6 . 1 
1 ._ 3 8 :49 1 4  4 5 10 . 7 30 9 . 3  
1 3 8 4 9  1 5  4 J 3 0 . 9  2 9 4 . 9  
l 3 8 49 1 6  4 5 8 2 . 6  2 5 1 . 8  
l 3 8 49 1 7  4 12 2 2 . q 46 7 . 5 
1 3 8 4 9 1 8  4 9 7 1 . 1 40 2 . 3  
l 3 8 4 9  1 9  4 1 .3 d 1 • l 4 1 0 • .] 
l 3 8 4 9 2 0  4 5 5 7 . 5 3 7 7 . 6 
1 3 8 49 2 1  4 6 1 1 . 4  5 1 4 . 3  
1 38 71 1 1 1 1 3 8 0 . 9  3 2 .3 . 4  
1 3 8  7 1  2 3 4 1 7 l d . 7 3 5 9 . 4 
1 3 8  7 1  3 4 6 1  d •. 1 5 3  9 .  J 
1 3 8 7 1  4 4 - - 6 1 8 . 1 ) 9  5 .  3 
1 j 8  7 1  5 4 - - 4 8 8 . 7  4 3 8 . 4 
1 3 8  71 6 4 9 7 J . 3  5 4 6 . 2 
1 3 8  7 1  7 4 5 2 1 . 1  4i) 2. .  5 
1 3 8 7 1  8 4 6 1 ;) . 9  5 0 3 .  1 
1 3 8  7 1  9 4 5 7 5 . 0 2 6 9 . 5 
l 3 8  7 1  1 0  4 1 J 0 b . 2 5 0 3 . 1 
1 3 8 7 1  1 1  4 7 1 8 .  7 6 8 2 . 8 
1 3 8  7 1  1 2  4 5 8 9 . 4 4 8 5 . 1 
1 3 8  7 1  1 .3 4 - - 5 0 3  . 1  2 8 7 .  5 
1 3 8 7 2 1 3 4 ., 7 3 3 . 1  2 9 4 . 7 J 
1 38 7 2  2 4 6 8 2 . 8  5.6 7 .  3 
1 38 7 2  3 4 7 9 0  . b 6 l C . 9  
1 3 8 7 2  4 4 4 6 7 . 2 4 6 7 . 2 
1 3 8 72 5 4 - - 3 9 5 . 3  3 5 9 . 4 
1 3 8  7 2  6 4 5 8 2 . 2 5 7 5 . ') 
1 3 8  7 2  7 4 - - 5 4 6 . 2  4 J 6 . 1 
1 3 8  72 d 4 9 d 8 . 3  5 5 1 . -. .; 
1 3 8 72 '1 - 4 1 J 6 ·J . l  5 0  3 .  1 
1 3 8  7 3  1 1 3 .., 44 :J . 7 3 4 4 . 7 ' 
1 3"8 7 3  2 3 4 ·  3 5 l l . 7  ) 5 5  • 1t 
1 . 3 8  7 3  3 3 1 l 4 J 5 . l  2 8 4 . 3 
1 3 8 7 3 4 3 4 , 4 3 3 . 6  3 9 0 . 9  J. 
1 3 8 7 3  5 4 5 6 3 . 6 4 2 6 . 4  
1 3 8  73 6 4 6 3 g . 7  ·6 1  I �  2 -
l 3 8  74 1 l 1 ..., 4 1 o . 7 2 5 9 . 1 .J 
1 3 8 74 2 3 4 " 4 6 2 . 2  3 5 0 . 2  .I. 
1 3 8 7 4 3 4 6 54 . 8 5 7 4 . 3  
1 3 8 7 4  4 4 5 1 1 . 3  4 '1 0 . 3  
1 3 8 7 4  5 4 3 5 4 . 5 5 9 5 . 3 
1 . 3 8  74 6 4 4 6 q . z 2 8 0 . 1 
1 3 8  7 5  1 1 1 3 3 6 5 . 5  2 2 4 . 9 
1 38 7 5  2 1 1 , 2 2 8 . 5 1 5 1 . 1 J. 
1 3 8  7 5  3 3 4 1 5 9 7  .· s 2 60 . 1  
r- . 3 8  7 5. 4 3 4 1 6 1 5 . 1  . 3 5 1 . 5 .:;) 
1 3 8 7 5 5 
_ l __ 3 8  7 5  6 
1 3 8  7 5  7 
. 1 3 8 7 5 8 
1 3 8 75  9 
L 3 8 75 1 0  
1 3 8  7 5  1 1  
1 3 8  7 5  1 2  
1 3 8 7 5  1 3  
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1 3 9 9 8  2 1 1 3 3 4 8 . 4  3 4 8 . 4  
1 3 9 9 8  3 1 3 � 2 5 9 . 5 22 2 . 4  J 
1 3 9 9 8  4 1 1 "" 4 5 9 . 6 44 4 . 8 � 
l 3 9 9 8 5 2 4 ' 6 7 4 . 6 2 7 8 . ') L 
1 3 9 9 8 6 2 4 1 7 4 1 . 3  3 4 1 .  �) 
1 3 9 9 8  7 2 4 ' 5 3 7 . 5  1 9  2 .  8 � 
1 3 9 9 8  8 3 2 l 4 3 3 • .  1 40 0 . J 
1 3 9 9 8  9 3 2 l 5 3  7 .  5 4 5 2 . 2  
1 3 9 9 8 1 0  4 - - 6 6 7 . 2  4 2 2 . 6  
1 3 9 9 8  1 1  4 - - 3 4 l . J 2 9 6 . 5  
1 3 9 9 8  1 2  4 - - 1 1 3 4 .  3 6 3 0 . 1 
1 3 9 9 8  1 3  4 1 ')  4 s .  3 7 1 5 . 4 
1 3 9 9 8  1 4  4 - - 9 6 3 . 8  6 8 2 . 0 
1 3 9 9 8  1 5  4 5 9 3 . 1 5 2 6 . 4  
1 3 9 '9 8 1 6  4 l 'J l 9 . 4 4 30 . f) 
1 3 9 9 8  1 7 4 - - 6 0 \) .  5 5 7 8 . 3  
1 3 9 9 8  1 8  4 - - 4 3 0 . 1) 29 6 . 5 
1 3 9 9 .>3  l g  4 - - 5 2  6 .  4 2 -, 4 . 3  
1 3 9 9 8  2 0  4 1 1 1 2 . 0  6 5 2 . 4  
l 3 9 9 8  2 1  4 7 0 4 . 3 4 1 5 . 2  
1 3 9 9 8  2 2  4 - - 5 3 3 . 8  4 8 l . q 
1 3 9 ') 8 2 3  4 1 J J 0 . 8 a l l .  o 
1 40 04 1 1 l 1 40 9 . 2  2 7 5 . 3 -4 
1 40 04 2 2 4 "'\ 4 6 8 . 8 2 3 8 . 1 '-
1 40 0 4  3 3 4 .., 5 4 3 . 2  3 3 4 . 3 c. 
1 40 0 4  4 3 4 1 5 i) 2 .  3 3 4 9 . 7 
1 4C 0 4  5 3 4 ' g 3 0 . 1 4 2 0 . 4  L 
l 40 0 4  6 3 4 , 7 8 1 . 3 4 6 5 . 0 � 
1 40 0 4  7 • 3 3 ., 6 4 7 ·. 3 40 1 .  a ....) 
1 40 0 4  8 4 3 8 5 . 4 '7 4 4 . 1 
l - 4 0 0 4 9 4 - - 6 9 9 . 4  5 5 8 . 1 
r 40 C 4  1 0  4 - - 5 7 6 . 7  4 6 5 . 0 
1 40 0 4  1 1  4 4 4 6 . 4  3 3 4 . 8  
1 40 0 4  1 2  4 - - 3 4 9 . 7  3 1 6 . 2  
1 40 0 4  1 3  4 - - 5 8 7 . 8 4 5 3 . q 
1 40 0 4  1 4  4 - - 5 2 8  • .3 3 3 4 . 8  
. 1 40 0 4  1 5  4 - - 3 49 . 7  3 3 4 . 8 
1 40 0 4  1 6  4 9 5 2 . 4  7 9 6 . 2 
1 40 0 4  1 7  4 - - 4 0 9 . 2  2 90 . 2  
1 40 0 4 1 8  4 4 1_) l .  8 3 3 4 . 8 
1 · 40 0 4  1 9  4 2 6 7 . 9  2 2 3 . 2 
1 40 '.)4 2 ()  4 - - 3 9 4 . 4  3 0 5 . 1 
1 4 0 0 5  1 l 3 ..., 5 7 3 •. 4 3 2 S . d J 
1 4 0 0 5  2 1 2 2 5 0 2 . 2  3 9 3 . 5  
1 - 4Q 0 5- 3 1 l '"' 44 9 . 8  . 3 6 3 . 5 " 
1 94 
l 40 8 5  4 t l 
� 
5 �!1 · q 
� g � . 5 .;; 
_ _ _t __ 40 5 5 ' 7 L . 1  9 . 2  
1 40 () 5 _  6 2 4 , 8 8 4 . 5  3 :] 7 .  3 J. 
1 40 0 5  7 2 4 , 1 1 4 6 . 9 3 1 8 . 6  J. 
1 40 0 5  8 2 � 
1 
4 1 2 . 3 3 3 7 . 3 4 J. - 1. 40 0 5  9 3 "'\ 5 8 4 . 7 4 3 1 . 0 ' 
1 4 0 0 5  1 0  3 2 I 3 7 4 � 8 3 3 7 . 3 L 
1 40 0 5  1 1  3 4 , J 6  7 .  3 3 6 7 . 3 J. 
1 40 0 5  1 2  3 4 l 4 8 7 . 2  2 3<J . q  
. i 4•J 0 5  1 3  3 1 "" 3 6 2 . J  6 8 2 . 1 ' 
1 41J IJ 5 1 4  4 -3 9 9 . 5  7 3 4 . 6  
1 40 0 5 1 5  4 8 6 2 . 0  5 1 3 . 5  
1 40 0 5  1 6  4 7 6 8 . 3 5 2 4 . 7 
. 1 4 0 0 5  1 7  4 5 6 2 . 2 4 1 2 . 3  
1 !t-0 0 5  1 8  4 5 2 4 . 7  3 9 7 . 3 
1 40 0 5  1 9  4 3 3  7 . 3 2 8 4 . 8  
1 40 0 5  2 0  4 - - 9 2 9 . 5  7 4 9 . 6  
1 40 0 5  2 1  4 4 7 9 . 7 4 7 2 . 2  
1 40 0 5  2 2  4 7 8 1 . 1  5 9 9 . 7 
l 40 0 5  2 .3  4 7 &4 . 6  5 5 4 . 7 
1 40 0 5  2 4  4 7 2 7 . 1 5 6 2 . 2  
1 40 0 5  2 5  4 44 9 . a  � 4 9 . 8  
l 4C 0 5  2 6  4 6 1 8 . 4 6 1 8 . 4  
1 40 <'J 5  2 7  4 6 3 1 .  l 4 4 9 . 8  
1 40 0 5  2 8  4 8 1 7 . J  6 0 7 . 2  
l 40 0 5  2 9  4 B C S . B  6 7 4 . 0  
1 40 0 5  30 4 6 74 . 6 6 5 2 . 1 
l 40 0 5  3 1  4 4 4 q . s 4 1 2 . 3 
1 40 0 5  3 2  4 -- 4 8 7 . 2  4 1 2 . 3 
1 40 0 5  3 3  4 5 3 2 . 2  4 4 9 . 8 
1 - 40 0 7 1 1 l 2 3 3 6 . 4  2 3 4 . ·) 
1 40 0 7  2 1 1 "" 5 7 7 . 7  4 3 1 ·. 4 L 
1 40 0 7  3 l 1 1 3 o l . 9 3 2 9  . ;) l. 
1 40 0 7  4 1 3 2 3 2 9 . ) 2 5  5 .  '} 
1 4(J 0 7  5 2 4 , 2 '1 2 . 5 1 5 3 . 6  l. 
1 400 7  6 2 3 2 2 5 5 . 1 1 9 0 . l 
1 40 0 7  7 2 3 
, 2 5 5 . '1 2 4 B . 6  l. 
1 4 0 0 7  8 2 4 ' 4 7 5 . 3  2 5 5 . ':1  l. 
1 40 0 7  9 3 2 
1 
4 1 6 . 8  3 5 1 . 0 J. 
1 40 0 7  1 0  3 4 .... 3 ) 7  . l  2 9 9 . 8  '-
1 40 ') 7  1 1 3 4 � 9 0 6 . 7  4 4 6 . G  � 
l 40 0 7  1 2  3 4 2 5 6 6 . 7 3 3 6 . 4 
r 40 0 7  1 3  3 · 4 2 4 9 7 . 2 2 1 9 . 4 
1 40 0 7  1 4  3 4 2 6 3 9 . 8  z ·q 2 .  s 
l '-tO O  7 1 5  3 4 ., 4 5 3 . 3  2 9 2 . 5 c.. 
1 4�l0 7 1 6  3 4 1 4 :J q .  5 3 3 6 . �  
1 40 0 7  1 7  3 4 ' 3 2 9 . 0  2 <1 2 .  5 J. 
1 40 0 7  1 8  3 � , 2 1 9 . 4  1 5 3 . 6  l. 
1 40 0 7  1 9  4 73 1 . 2 .3 1 0 • .3 
1 40 0 7  2 0  4 5 4 d . 4  ' l '-1 . 2 
r 40 0 7  2 1  4 - - 8 04 . 3  4 0 2 . 2  
1 "4 0 0 7 2 2  4 4 5 3 . 3  40 2 . 2 
1 40 0 7  2 3  4 - - 4 9 7 . 2  4 8 6 . 3 
1 40 0 7  2 4  4 5 9 2 . 3  46 8 . 0  
1 4{) 0 7 2 5  4 5 3 'J . l 5 1 1 . 3  
1 4C C 7  2 6  lt 4 3 1 . 4  4 3 1 . 4  
1 40 0 7  2 7  4 3 2 .1 . 7  3 1 4 . 4  
1 .  40 0 7  2 8  4 1 3 2 . 9 1 8 2 . 8 
- 1 "40 0 7  2 �  4 - - 46 8 . 0 4 2 0 . 4  
� � . 
,. · � 
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1 40 0 7  3 0  4 - - 5 2 6 . 5  5 1 1 . 8  
L ____ 4Q tJ 8  1 1 1 . I 3 1 3 . 5  3 0 2 . 4  .L 
1 40 0 8  2 l 1 2 4 5 0 . 0  3 6 8 . 8  
1 40 0 8  3 1 3 -. 62 7 . o  4 5 0 . 0  L 
1 40 0 8  4 1 l 2 1 8 4 . 4  1 6 '=) •  7 
1. 40 0 8  5 l 1 . "' l 6 Y . 7 · 1 2 5 . 4 4 
1 4-0 0 8  f"' 2 2 "\ 4 l 9 .  5 3 3 q . 3 � 
1 4 0 0 8  7 3 2 ..., 4 0 5 . 7  20 6 . 5 .;) 
1 4(} !) 8 8 3 4 <> 5 6 0 .. 6 4 2 7 . 9 
1 40 0 8  <1 3 3 2 2 8 7 . 7  2 2 1 . 3  
1 4 C 0 8  1 0  3 4 ' 3 5 0 . 4 2 5 8 . 2  .4. 
1 4(\ 0 8  l l  3 4 . ,  5 '1 () . l 50 j .  �) L. 
1 40 0 8  1 2  3 2 1 3 3 2 . 0 3 1 7 . 2 � 
1 . . 40 0 8  1 3  3 2 ' 5 7 5 . 4  3 6 3 . 8  .1.. 
1 1+0 0 8 1 4  3 4 J 3 3 2 . :1 L 5 8 . 2 
l 40 0 8  1 5  4 5 2 3 . 8  4 7 '9 . 5 
l 40 0 8  1 6  4 6 2 7 . 0 4 3 5 . 2 
l 40 0 8  1 7  4 5 8 2 . 8 4 7 2 . 1 
1 . 40 0 8  1 8  4 4 42 . 6  40 5 .  7 
1 4C 0 8  1 9  4 2 7 6 . 6  2 5 8 . 2 
1 40 0 8  20 4 7 0 0 . 8  5 7 5 . 4 
1 . 40 0 8  2 1  4 7 5 6 . 1 5 5 3 . 3  
1 40 0 8 2 2  4 5 0 S .  3 4 l o . a  
1 40 0 8  2 3  4 2 3 7 . 7 2 5 8 . 2 
1 40 0 8  2 4  4 . - - 5 �) 1 • 6 4 2 0 . 5 
1 40 1 2  l l 3 2. 7 1 9 . 6  so 2. .  z · 
1 40 1 2  2 1 1 "\ 7 7 q . 6 6 7 4 . 6  � 
1 4 0 1 2  3 1 3 z- 4 4 9 . 8 3 3 7 . 3 
1 40 1 2  4 1 1 , 2 62 . 4  1 6 4 . � � 
l 40 1 2 5 2 4 , 5 2 4 . 7 3 7 4 . 8  .4. 
1 40 1 2  6 3 3 .., 4 7 6 . D  4 4 2 . 3 � 
l 4 ·') 1 2  7 3 3 2 4 4 9 . 8  3 7 4 . :3 
1 4 !J 1 2  8 3 4 .., 3 74 . 8  3 7 4 . 8  � 
1 40 1 2  q 4 7 6 8 . 3 6 3 7 . 1 
l 40 1 2 1 0  4 6 3 7 . 1  5 1 7 . 2 
1 40 1 2  l l  4 5 7 7  .. 2 5 7 7 . 2  
1 4 0 1 2  1 2  4 44 9 . 8  4 4 9 . 8 
1 40 1 2  1 3  4 9 2 2 . J  6 2 q . 7 
l 40 1 2  1 4  4 7 4 9 . 6  7 4 9 . 6  
1 4 ') 1 2  1 5 4 9 3 7 . 0 6 5 5 . ·� 
1 4 :) 1 2  1 6 4 4 0 4 . 8 . .3 5 6 . 1 
1 40 1 2  1 7  4 5 9 9 . 7  5 1 7 . 2  
1 40 1 2  1 8  4 4 8 7 . 2 4 5 7 . 2  
1 40 1 2  1 9  4 ' 7 6 8 . 3 44 9 . 8  
1 '40 1 2  2 0  4 7 4 9 . 6  5 9 9 . 7 
l 40 1 2 2 1 4 6 3 7 . 1 4 1 9 . 8 
1 4 0 1 2 2 2  4 5 6 2 . 2  50 9 . 7  
1 40 1 2 2 3 4 7 0 4 . 6  4 9 4 . 7 
1 40 1 2  2 4  4 S o 9 . 7 4 6 4 . 7 
1 40 1 2  2 5  4 - - 6 2 2 . 2 5 4 7 . 2  
1 40 1 2  2 6  4 7 6 8 . 3  6 5 5 . 9 
l 4 0 1 2  2 7  4 7 4 9 . 6  5 9 q . 7  
l 41) 1 3  1 l 3 , 2 9 9  • .3 2 3 6 . 1 4 
1 40 1 3  2 1 ) l 4 t 6 . 0  2 1 7 . 4  
1 4 0 1 3  3 l 3 "\ 4 8 7 . 2 4 1 9 . 8  L. 
1 40 1 3 4 1 3 "' 5 4 3 . 4  4 5 7 . 2  ' 
1 41) 1 3  5 3 4 1 4 4 9 . 8  2 9 9 . 8  � 
1 40 1 3  6 3 3 3 4 4 9 . 8 3 3 7 . 3  
1 4 0 1 3  7 3 3 1 6 5 9 . 6  5 3 9 . 7 4 
1 96 
L_ �8 ij  
8 3 3 " '"I · 6 7 4 . 6  5 5 4 . 1 L 
_9 3 4 J 6 1 4 . 7  4 1 9 . 8 
1 40 1 3  1 0  3 4 � 8 8 0 . 3  5 80 . 9  :;; 
l 40 1 3  1 1  -:1. 4 3 6 5 5 . 9  5 6 2 . 2  
1 4 0 1 3 1 2  3 2 3 6 1 4 . 7 3 9 3 . 5  
1 40 1 3  1 3  .3 3 3 5 8 4 . 7 4 4 9 . 8  
l 40 1 3 1 4  3 3 ""') 7 6 8 . 3  5 2 4 . 7 J 
l 40 1 3  1 5  3 3 J 7 1 9 . 6 b 2 2 . 2  
1 40 1 3  1 6  3 2 • 6 2 2 . 2  3 7 4 . 8 L 
1 4 0 1 3  1 7  4 - - 5 3 9 . 7  5 2 4 . 7 
1 40 1 3  1 8  4 7 9 8 . 3  4 8 7 . 2  
1 40 1 3  1 9  4 5 6 9 . 7  5 5 4 . 7  
1 40 13 2 0  4 3 3  7 .  3 30 7 . 3  
1 .40 1 3 2 1  4 5 6 2 . 2  5 3 2 . 2  
l 40 1 3  2 2 4 - � 3 9  7 .  3 3 3 7 . 3 
1 40 1 3  2 3  4 3 2 9 . � 3 1 4 . 8 
1 40 1 3  2 4  4 - - 4 4 9 . 8 4 1 2 . 3 
1 40 1 3  2 5 4 - - 8 6 2  . ;) 4 5 7 . 2 . 1 40 1 3  2 6  4 - - 2 2 4 . 9  2 2 4 . 9  
1 40 1 3  2 7  4 . 2 6 2 . 4  2 3 2 . 4 
1 40 1 3  2 8  4 5 1 1 . 2  3 7 4 . g 
1 40 1 3  2 <1  4 5 2 4 . "7 4 G 4 . 8 
1 40 1 3  3 0  4 6 8 9 . 6  4 5 7 . 2 
1 40 1 3  3 1  4 - - 4 34 . g 2 9 9 . 8 · 
1 40 1 8  1 1 1 1 3 c 7 .  1 1 9·) . 1 
1 4 0 1 8  2 l 3 1 2 3 4  • . ) 2 1 g . 4 J. 
1 40 1 R  3 1 1 2 2 3 5 . 2 2 2 6 .  7 
1 40 1 8  4 1 1 2 - 3 6 5 . 6 2 8 5 . 2 
1 40 1 8  5 l 3 -� 5 1 1  . a  4 3 8 . 7 ..J 
1 40 1 8  6 1 3 ..... 4 4 6  • '_) 29 2 .  5 " 
1 40 1 8  7 1 1 1 1 9  7 .  4 1 6; )  • 9 J. 
1 40 1 8  8 2 4 1 J 2 8 . 8 2 4 5 . G  
1 4 0 1 8  9 2 4 ' 1t 7 5 . 1  3 2 g .  ·J ..&. 
1 40 l 8  1 0  2 4 , 3 9 1 . 2  2 0 1 . 1  J. 
1 40 1 8 1 1  3 4 1 3 2 9 . ;) 3 J  7 .  l � 
1 40 1 8  1 2  3 4 1 2 5 5 . 9  2 3 4 . 0 L 
1 40 1 8  1 3  3 3 , 4 3 8 . 7  2 9 9 . 8 L 
1 40 1 8 1 4  3 2 "'\ 3 B 7 . 5  2 9 9 . 8 t:.. 
l 40 1 8  1 5  3 2 ..., 5 4 8 . 4  5 4 8 . 4 .:.> 
1 40 1 8 1 6  3 -� ..., 3 5 1 . '.) " 3 J 7 .  1 .:.> 
1 40 1 8  1 7  3 4 l 2 3  7 .  6 1 6 8 . 2 
1 41) 1 8  1 8  3 2 3 2 9 9 . 8  2 6 3 . 2 
1 " 4 0  1 8  1 9  3 4 1 5 6 6 . 7 5 0 J . 9  
1 40 1 8 20 3 4 t 4i) 2 .  Z 2 7 /-t . 2 J. 
1 40 1 8 2 1  4 5 6 3 . 0  5 5 5 . 7 
t 4 0 1 8  2 2  4 5 77 . 7 4Q 2 .  2 
1 40 1 �  2 3  4 7 4 9 . 5  5 6  3 .  ·: 
1 40 1 8  2 4  4 4 .-3 2 . 6  3 29 . G  
1 40 1 8  2 5  4 6 8 C . J 5 5 5 . 7 
1 40 1 R  2 6  4 5 l g . z  44 9 . 7 
l 40 1 9  1 1 1 .., 5 1 3 . 8 4 7 7 . 1 :.; 
1 40 l g  2 1 1 3 5 4 .3 . l 4 1 8 • .3 
1 4 0 1 9  3 1 1 
..., 1t l 9 . 3 3 1 5 . 6 � 1 4 0 . 1 9 4 l l 2 4 77 . 1  3 7 4 . "3 
1 4 0 1 9  5 2 4 � 3 5 2 • .3 3 1 5 . 6  .::J 
1 40 1 9  6 2 4 3 4 6 g . 7  2 7 1 . 6 
l 4 0 1 9  7 2 4 3 5 4 3 . 1  2 6 7 . 9 
1 - 40 1 9 a 2 2 1 2 3 6 . 2 2 2  7 .  5 � 
1 40 1 9  9 3 3 "\ 4 4 7 . 7 3 4 1 . 3  � 
'tf'.,_t4 BI' 
� . -� !. 1 
� 
1 97 
1 4 0 1 9  1 0  3 4 I 5 !J � .  7 3 6 7 . J  � 
L 40 1_9 .. 1 1  3 4 3 6 9  . 2  4 5 P � 7 
1 40 1 '?  1 2  4 5 7 6 . 1  4 40 . 4 
1 4 0 1 9 1 .3 4 - - 5 5 7 . 8  5 2 8 . 4 
1 40 1 9 1 4  4 6 7 3 . 9  5 ;) 2 . 7 
1 40 1 9  1 5  4 3 6 7 . o  2 7 5 . 2 
l 40 1 9  1 6  4 6 9 7 . 2 5 6 5 . 1 
1 4 0 1 9  1 7  4 5 9 4 . 5 5 7 9 . 8 
1 4 0 1 9  1 8  4 9 2 '+ . 8  5 6  5 .  1 
l 40 1 9  1 9  4 7 89 . 0  6 7  l .  6 
l 40 1 9  2 0  4 5 1 3 . 8 3 4 4 . 9  
1 40 1 9  2 1  4 - - 3 q 2 . 7  3 5 9 . 6  
1 40 1 9  2 2  4 5 2 8 . 4 5 1 3 . 8  
1. 40 1 9  2 3  4 7 3 9 . 1) 6 0 5 . 5  
1 40 1 9  2 4 4 6 7 8 . 9 '5 43 • 1 
l 4 -� 1 9 2 5  4 6 6 -0 . 5 5 3 7 . 1 
1 4 0 1 9 2 6  4 6 6 -J . S  6 3 1 . 2  
1 40 1 9  2 7  4 5 8 7 . 1  4 8 4 . 4  
1 40 1 9  2 8  . 4 4{)3 • .7 3 6 7 . 0 
1 4 0 1 9  2 9  4 6 0 9 . 2 4 2  2 .  f.! 
1 4 0 1 9  3 0  4 7 5 2 . 3  40 3 . 7 
1 40 2 1 1 1 1 , 3 1 5 . 6  2 7 1 . 6  J.. 
1 4 0 2 1  2 1 3 .., 40 3 . 7  2 9 7 . 2 .:J 
1 4 0 2 1  3 1 1 1 4 6 2 . 4  2 7 1 . 6  .L 
1 40 2 1  4 1 1 3 6 3 8 . 5  4 5 1 . 4  
1 40 2 1  5 1 1 � - 2 2 <) • 2 1 8 3 . 5  L. 
1 40 2 1  6 2 4 l 6 3 1 . 2  2 2 0 . 2  
1 40 2 1  7 2 2 ") . 5 1 3 . 8  3 5 6  • .  JJ 
1 40 2 1  8 2 4 .., 3 6 7 .  :]. 2 0 1 . 8  c. 
l 40 2 1  9 2 4 , 3 5 6 . 0 2 3 4 . 9 J. 
I 40 2 1  1 0  2 4 , 2 5 6 . 9  2 J 9 . 2  .L 
1 4 0 2 1 1 1  3 4 l 3 3 0 . 3  2 2  7 .  5 
1 40 2 1  1 2  3 4 '"' 5 6 5 . 1  4 5 5 . C  L 
1 40 2 1  1 3  3 3 2 3 3 lJ . 3 30 4 . 6  
1 41) 2 1  1 4  3 4 , 2 5 6 . ':1 2 4 2 . 2  J.. 
1 40 2 1  1 5  3 4 .., 4 5 8 . 7 3 8 1 .' 6 J 
l 40 2 1  1 6  3 4 3 5 8 7 . 1 5 1 3 . 8 ' 
1 4 0  2 1  1 7  3 4 J 3 5 2 . 3  2 i3 6 .  2 
1 . 40 2 1  1 8  3 4 1 30 0 . ·j 2 3 4 . g 
1 40 2 1  1 9  4 ·- - 4-) j .  7 3 8 5 . 3 
l 40 2 1  2 0  4 7 5 2 . 3  5 3 5 . 3  
1 40 -2 1 2 1  4 4 9 9 . 1 4C 3 .  7 
1 40 2 1  2 2  4 5 8 7 . 1 � 9 9 . 1 
1 40 2 1  2 3  4 6 8.2 . 6 5 8 7 . 1 
l 40 2 1  2 4  4 !t 4:J . 4  3 3 0 . 3 
1 40 2 1  2 5  4 4 1 1 . 0 2 Q J . 6  
1 40 2 1  2 6  4 2 6 7 . 9  2 5 6 . 9  
l 40 2 1  2 7  4 5 7 9 . 8  5 1 3 . 3 
1 4 0 2 1  2 8  4 4 6 2 . 4  4 1 1 . ,J 
l 40 2 1  2 9  4 7 6 3 . 3 6 2 0 . 2  
I 40 2 1  30  4 6 6 {) .  5 5 1 3 . 8  
1 40 2 1  3 1  4 l :J 2 C . 2  5 5 �") .  5 
